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How to Use 
This Book 


The concept of this book is that of a personal tool that compacts the 
20% of the data that is needed 80% of the time by design professionals 
in the preliminary design of buildings of all types and sizes and of the 
spaces between. 

This tool is meant to always be at one’s fingertips (open on a drawing 
board or desk, carried in a briefcase, or kept in one’s pocket). It is never 
meant to sit on a bookshelf. It is meant to be used every day! 

Because design professionals are individualistic and their practices 
are so varied, the user is encouraged to individualize this book over 
time, by adding notes or changing data as experience dictates. 

The addition of rough construction costs throughout the book (mak¬ 
ing this type of handbook truly unique) will date the data. But building 
laws, new technologies, and materials are changing just as fast. There¬ 
fore, this book should be looked on as a starter of simple data collection 
that must be updated over time. New editions may be published in the 
future. See p. 43 for more information on costs. 

Because this book is so broad in scope, yet so compact, information 
can be presented only at one place and not repeated. Examples of how 
to use the information are provided throughout. Information is pre¬ 
sented in the form of simple ratios or coefficients that replace the need 
for commonsense judgment. 

The whole book is laid out in checklist format, to be quickly read and 
checked against the design problem at hand. 

Where ( ) is shown, refer to p. 657-660 for further explanation of 

references'^ 

“Notes” pages appear throughout, on which the user is encouraged to 
keep further information in the form of notes or sketches. 

This book is not a substitute for professional expertise or other books 
of a more detailed and specialized nature, but will be a continuing 
everyday aid that takes the more useful “cream” off the top of other 
sources. 


xiii 
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A. PRACTICE ©@@ 


_ 1. Services : Use “Schedule of A/E (Architectural/Engineer¬ 
ing) Services” on pp. 6-15 to plan the services for building 
design. 

_ 2. Compensation (A/E Fees) 

_ a. See App. A, item E, for A/E fees as a percentage of 

construction cost by building type. 

_ b. Total services fees can be broken down as follows: 


_ Schematic design 

phase 

_ Design develop¬ 
ment 

_ Construction 

documents 

_ Bid/negotiation 

_ Construction 

administration 


15% 


20% 

40% 

5% 

20 % 

100 % 


or 

25% Preliminary 
design 

50% Const, doc. 


25% Const, 
adm. 

100% 


c. Of the total A/E fees, standard consultants’ fees can 
be broken out as follows: 


_ (1) 

Civil engineering and 
landscape architect 

2.5 to 6% 

_ (2) 

Structural engineering 

1 to 2.5% 

_ (3) 

Mechanical engineering 

4 to 10% 

_ (4) 
_ (5) 

Electrical engineering 
Other 

4 to 10% 


3. Rules of Thumb for Business Practice 

_ a. Watch cash flow: For a small firm, balance check¬ 
book. For a medium or large firm, use cash state¬ 
ments and balance and income statements. Estimate 
future cash flow based on past, with 15% “fudge fac¬ 
tor,” plus desired profit. Many architects (and busi¬ 
nesses, in general) get in trouble by not immediately 
paying their bills (to consultants and vendors) as 
they are paid by their clients. 

_ b. Flave financial reserves: Six months’ worth. 

_ c. Monitor time by these ratios: 


(1) Chargeable ratio = 


direct job labor cost 
total labor cost 


This tells what percent of total labor cost is being 
spent on paying work. The higher the percent the 
better. Typical range is 55 to 85%, but lower than 
65% is poor. However, principals often have a 50% 
ratio. 
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(2) Multiplier ratio = 


dollars of revenue 
dollars of direct labor 


This ratio is multiplied times wages for billing rates. 

Usually 2.5 to 3.0. Will vary with firm and time. 

_ (3) Overhead rate: looks at total indirect 

expenses as they relate to total direct labor. 
An overhead rate of 180 means $1.80 spent 
for ea. $1.00 working on revenue-producing 
projects. 

_ (4) Profit: measured as total revenue minus 

expenses. Expressed as percent of total rev¬ 
enue. 

d. Monitor accounting reports : A financial statement 

consists of: 

_ (1) Balance Sheet: Tells where you are on a 

given date by Assets and Liabilities. 

_ (2) Earnings Statement (Profit and Loss): 

Tells you how you got there by Income less 
Direct (job) costs, and Indirect (overhead) 
costs = Profit, or Loss. 

e. Mark up for Reimbursable Expenses (travel, print¬ 
ing, etc.): Usually 10%. 

f. Negotiating contracts 

_ (1) Estimate scope of services. 

_ (2) Estimate time, costs, and profit. 

_(3) Determine method of compensation: 

_ (a) Percent of construction cost 

_ ( b ) Lump sum 

_ (c) Hourly rates 

_ ( d ) Hourly rates with maximum “upset” 

(“not to exceed”) 

g. Contract checklist 

_ (1) Detailed scope of work, no interpretation 

necessary. 

_ (2) Responsibilities of both parties. 

_ (3) Monthly progress payments. 

_ (4) Interest penalty on overdue payments. 

_ (5) Limit length of construction administra¬ 
tion phase. 

_ (6) Construction cost estimating responsibili¬ 
ties. 

_ (7) For cost-reimbursable contracts, specify a 

provisional overhead rate (changes year to 
year). 







Practice 5 


(8) Retainer, applied to fee but not costs. 

(9) Date of agreement, and time limit on con¬ 
tract. 

(10) Approval of work—who, when, where. 

(11) Ways to terminate contract, by both parties. 

(12) For changes in scope, bilateral agreement, 
and an equitable adjustment in fee. 

(13) Court or arbitration remedies and who 
pays legal fees. 

(14) Signature and date by both parties. 

(15) Limits on liability. 

(16) Time limit on offer. 

(17) Put it in writing! 
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_3. “SYSTEMS” THINKING @ 

In the planning and design of buildings, a helpful, all-inclusive tool 
is to think in terms of overall “systems” or “flows.” For each of the 
following checklist items, follow from the beginning or “upper 
end” through to the “lower end” or “outfall”: 


1. People Functions 

_ a. Follow flow of occupants from one space to 

another. This includes sources of vertical trans¬ 
portation (stairs, elevators, etc.) including pathways 
to service equipment. 

_ b. Follow flow of occupants to enter building from off 

site. 

_ c. Follow flow of occupants to exit building as 

required by code, in case of an emergency. 

_ d. Follow flow of accessible route as required by law. 

_ e. Follow flow of materials to supply building (includ¬ 
ing furniture and off site). 

_ f. Follow flow of trash to leave building (including to 

off site). 

_ g. Way finding: do graphics or other visual clues aid 

flow of the above six items? 

2. Structural Functions 

_ a. Follow flow of gravity loads from roof down 

columns, through floors, to foundations and soils. 

_ b. Follow flow of lateral loads: 

_ (1) Earthquake from ground up through foun¬ 
dations, columns, walls, floors, and roof. 

_ (2) Wind from side walls to roof and floors, 

through columns, to foundations and the 
earth. 

_ (3) Follow flow of uplift loads from wind and 

earthquake by imagining the roof being 
pulled up and that there are positive con¬ 
nections from roof to columns and walls 
(through floors) down to foundations and 
the earth. 

3. Water, Moisture, and Drama ae 

_ a. Drain the rain. Follow rainwater from highest point 

on roof to drain, through the piping system to out¬ 
fall (storm sewer or site) off site. 

_ b. Follow rainwater from highest points of site, around 

building, to outfall off site. 

_ c. Follow rain or moisture at exterior walls and win¬ 
dows down building sides or “weeped” through 
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assemblies to outfall. Remember: Moisture moves 
from more to less. Moisture moves from warm to 
cold. 

_ d. Follow vapor from either inside or outside the build¬ 
ing, through the “skin” (roof and walls) to outfall. 
Things get wet. Let them dry out. 

_ e. Follow water supply from source to farthest point of 

use. 

_ f. Follow contaminated water from farthest point of 

use to outfall (sewer main or end of septic tank). 

_ g. Follow vapor flow into materials over year and 

allow for blockage, swelling, or shrinkage. 

4. Heat (flows from warm to cold) 

_ a. Follow sun paths to and into building to plan for 

access or blocking. 

_ b. Follow excessive external (or internal) heat through 

building skin and block if necessary. 

_ c. Follow source of internal heat loads (lights, people, 

equipment, etc.) to their “outfall” (natural ventila¬ 
tion or AC, etc.). 

_ d. Follow heat flow into materials over a year, a day, 

etc. and allow for expansion and contraction. 

5. Air 

_ a. Follow wind patterns through site to encourage or 

block natural ventilation through building, as re¬ 
quired. 

_ b. Follow air patterns through building. When natural 

ventilation is used, follow flow from inlets to outlets. 
When air is still, hot air rises and cold air descends. 

_ c. Follow forced air ventilation patterns through build¬ 
ing to address heat (add or dissipate) and odors. 
CFM out equals CFM in. 

6. Light 

_ a. Follow paths of natural light (direct or indirect sun) 

to and into building. Encourage or block as needed. 

_ b. Follow paths of circulation and at spaces to provide 

artificial illumination where necessary. This includes 
both site and building. 

7. Energy and Communications 

_ a. Follow electric or gas supply from off site to trans¬ 
former, to breakers or panels to each outlet or point 
of connection. 

_ b. Follow telephone lines from off site to TMB to each 

phone location. 
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3. Sound 

_ a. Identify potential sound sources, potential receiver 

locations, and the potential sound paths between 
the two. 

_ b. Follow sound through air from source to receiver. 

Mitigate with distance or barrier. 

_ c. Follow sound through structure from source to 

receiver. Mitigate by isolation of source or receiver. 
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C. SPECIFICATIONS (20 


1. Standard outline for writing specification sections: 

_ a. General _ b. Products _ c. Execution 

2. Quick checklist on products or materials: 

_ a. What is it and what does it do? 

_ b. Who is it made by? 

_ c. How to apply? 

_ d. What does it cost? 

_ e. Warranties? 

3. Detailed checklist on evaluating new products or mate¬ 
rials: 

_ a. Structural serviceability (resistance to natural forces 

such as wind and earthquake; structural adequacy 
and physical properties such as strength, compres¬ 
sion, tension, shear, and behavior against impact 
and indentation). 

_ b. Fire safety (resistance against the effects of fire such 

as flame propagation, burnthrough, smoke, toxic 
gases, etc.). 

_ c. Habitability (livability relative to thermal efficiency, 

acoustic properties, water permeability, optical 
properties, hygiene, comfort, light, and ventilation, 
etc.). 

_ d. Durability (ability to withstand wear, weather resis¬ 
tance such as ozone and ultraviolet, dimensional 
stability, etc.). 

_ e. Practicability (ability to surmount field conditions 

such as transportation, storage, handling, toler¬ 
ances, connections, site hazards, etc.). 

_ f. Compatibility (ability to withstand reaction with 

adjacent materials in terms of chemical interaction, 
galvanic action, ability to be coated, etc.). 

_ g. Maintainability (ease of cleaning; repairability of 

punctures, gouges, and tears; recoating, etc.). 

_ h. Code acceptability (review of code and manufac¬ 
turer’s claims as to code compliance). 

_ i. Economics (installation and maintenance costs). 

4. CSI format 

Use this section as a checklist of everything that makes or 
goes into buildings, to be all-inclusive in the planning and 
designing of buildings, their contents, and their surroundings: 

_ a. Uniformat for preliminary systems planning: 
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PROJECT DESCRIPTION 

10—PROJECT DESCRIPTION 

_ 1010 Project Summary 

_ 1020 Project Program 

_ 1030 Existing Conditions 

_ 1040 Owner’s Work 

_ 1050 Funding 

20—PROPOSAL, BIDDING, AND CONTRACTING 

_ 2010 Delivery Method 

_ 2020 Qualifications Requirements 

_ 2030 Proposal Requirements 

_ 2040 Bid Requirements 

_ 2050 Contracting Requirements 

30—COST SUMMARY 

_ 3010 Elemental Cost Estimate 

_ 3020 Assumptions and Qualifications 

_ 3030 Allowances 

_ 3040 Alternates 

_ 3050 Unit Prices 

CONSTRUCTION SYSTEMS AND ASSEMBLIES 

ELEMENT A—SUBSTRUCTURE 

_ A10 Foundations 

_ A1010 Standard Foundations 

_ A1020 Special Foundations 

_ A1030 Slab on Grade 

_ A20 Basement Construction 

_ A2010 Basement Excavation 

_ A2020 Basement Walls 

ELEMENT B— SHELL 

_ B10 Superstructure 

_ B1010 Floor Construction 

_ B1020 Roof Construction 

_ B20 Exterior Enclosure 

_ B2010 Exterior Walls 

_ B2020 Exterior Windows 

_ B2030 Exterior Doors 

_ B30 Roofing 

_ B3010 Roof Coverings 

_ B3020 Roof Openings 
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ELEMENT C —INTERIORS 

_ CIO Interior Construction 

_ C1010 Partitions 

_ C1020 Interior Doors 

_ C1030 Fittings 

_ C20 Stairs 

_ C2010 Stair Construction 

_ C2020 Stair Finishes 

_ C30 Interior Finishes 

_ C3010 Wall Finishes 

_ C3020 Floor Finishes 

_ C3030 Ceiling Finishes 

ELEMENT D —SERVICES 

_ DIO Conveying 

_ D1010 Elevators and Lifts 

_ D1020 Escalators and Moving Walks 

_ D1090 Other Conveying Systems 

_ D20 Plumbing 

_ D2010 Plumbing Fixtures 

_ D2020 Domestic Water Distribution 

_ D2030 Sanitary Waste 

_ D2040 Rain Water Drainage 

_ D2090 Other Plumbing Systems 

_ D30 Heating, Ventilating, and Air Conditioning (HVAC) 

_ D3010 Energy Supply 

_ D3020 Heat Generation 

_ D3030 Refrigeration 

_ D3040 HVAC Distribution 

_ D3050 Terminal and Packaged Units 

_ D3060 HVAC Instrumentation and Controls 

_ D3070 Testing, Adjusting, and Balancing 

_ D3090 Other Special HVAC Systems and Equipment 

_ D40 Fire Protection 

_ D4010 Sprinklers 

_ D4020 Standpipes 

_ D4030 Fire Protection Specialties 

_ D4090 Other Fire Protection Systems 

_ D50 Electrical 

D5010 Electrical Service and Distribution 
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_ D5020 Lighting and Branch Wiring 

_ D5030 Communications and Security 

_ D5090 Other Electrical Systems 

_ D60 Basic Materials and Methods 

ELEMENT E— EQUIPMENT AND FURNISHINGS 

_ E10 Equipment 

_ E1010 Commercial Equipment 

_ E1020 Institutional Equipment 

_ E1030 Vehicular Equipment 

_ E1090 Other Equipment 

_ E20 Furnishings 

_ E2010 Fixed Furnishings 

_ E2020 Movable Furnishings 

ELEMENT F— SPECIAL CONSTRUCTION 
AND DEMOLITION 

_ F10 Special Construction 

_ F1010 Special Structures 

_ F1020 Integrated Construction 

_ F1030 Special Construction Systems 

_ F1040 Special Facilities 

_ F1050 Special Controls and Instrumentation 

_ F20 Selective Demolition 

_ F2010 Building Elements Demolition 

_ F2020 Hazardous Components Abatement 

ELEMENT G— BUILDING SITEWORK 

_ G10 Site Preparation 

_ G1010 Site Clearing 

_ G1020 Site Demolition and Relocations 

_ G1030 Site Earthwork 

_ G1040 Hazardous Waste Remediation 

_ G20 Site Improvements 

_ G2010 Roadways 

_ G2020 Parking Lots 

_ G2030 Pedestrian Paving 

_ G2040 Site Development 

_ G2050 Landscaping 

_ G30 Site Civil/Mechanical Utilities 

_ G3010 Water Supply 

_ G3020 Sanitary Sewer 
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_ G3030 Storm Sewer 

_ G3040 Heating Distribution 

_ G3050 Cooling Distribution 

_ G3060 Fuel Distribution 

_ G3090 Other Site Mechanical Utilities 

_ G40 Site Electrical Utilities 

_ G4010 Electrical Distribution 

_ G4020 Site Lighting 

_ G4030 Site Communications and Security 

_ G4090 Other Site Electrical Utilities 

_ G90 Other Site Construction 

_ G9010 Service Tunnels 

_ G9090 Other Site Systems 

ELEMENT Z —GENERAL 

_ Z10 General Requirements 

_ Z1010 Administration 

_ Z1020 Quality Requirements 

_ Z1030 Temporary Facilities 

_ Z1040 Project Closeout 

_ Z1050 Permits, Insurance, and Bonds 

_ Z1060 Fee 

_ Z20 Contingencies 

_ Z2010 Design Contingency 

_ Z2020 Escalation Contingency 

_ Z2030 Construction Contingency 


b. Masterformat for more detailed planning: 

INTRODUCTORY INFORMATION 

_ 00001 Project Title Page 

_ 00005 Certifications Page 

_ 00007 Seals Page 

_ 00010 Table of Contents 

_ 00015 List of Drawings 

_ 00020 List of Schedules 

BIDDING REQUIREMENTS 

_ 00100 Bid Solicitation 

_ 00200 Instructions to Bidders 

_ 00300 Information Available to Bidders 

_ 00400 Bid Forms and Supplements 

_ 00490 Bidding Addenda 
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CONTRACTING REQUIREMENTS 

_ 00500 Agreement 

_ 00600 Bonds and Certificates 

_ 00700 General Conditions 

_ 00800 Supplementary Conditions 

_ 00900 Addenda and Modifications 

FACILITIES AND SPACES 

SYSTEMS AND ASSEMBLIES 

CONSTRUCTION PRODUCTS AND ACTIVITIES 

DIVISION 1— GENERAL REQUIREMENTS 
_ 01100 Summary 

_ 01200 Price and Payment Procedures 

_ 01300 Administrative Requirements 

_ 01400 Quality Requirements 

_ 01500 Temporary Facilities and Controls 

_ 01600 Product Requirements 

_ 01700 Execution Requirements 

_ 01800 Facility Operation 

_ 01900 Facility Decommissioning 

DIVISION 2— SITE CONSTRUCTION 

_ 02050 Basic Site Materials and Methods 

_ 02100 Site Remediation 

_ 02200 Site Preparation 

_ 02300 Earthwork 

_ 02400 Tunneling, Boring, and Jacking 

_ 02450 Foundation and Load-Bearing Elements 

_ 02500 Utility Services 

_ 02600 Drainage and Containment 

_ 02700 Bases, Ballasts, Pavements, and Appurtenances 

_ 02800 Site Improvements and Amenities 

_ 02900 Planting 

_ 02950 Site Restoration and Rehabilitation 

DIVISION 3— CONCRETE 

_ 03050 Basic Concrete Materials and Methods 

_ 03100 Concrete Forms and Accessories 

_ 03200 Concrete Reinforcement 

_ 03300 Cast-In-Place Concrete 

_ 03310 Structural Concrete 

_ 03330 Architectural Concrete 

_ 03340 Low-Density Concrete 
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_ 03350 Concrete Finishing 

_ 03360 Concrete Finishes 

_ 03370 Specially Placed Concrete 

_ 03380 Post-Tensioned Concrete 

_ 03390 Concrete Curing 

_ 03400 Precast Concrete 

_ 03500 Cementitious Decks and Underlayment 

_ 03600 Grouts 

_ 03700 Mass Concrete 

_ 03900 Concrete Restoration and Cleaning 

DIVISION 4— MASONRY 

_ 04050 Basic Masonry Materials and Methods 

_ 04200 Masonry Units 

_ 04210 Clay Masonry Units 

_ 04220 Concrete Masonry Units 

_ 04230 Calcium Silicate Masonry Units 

_ 04270 Glass Masonry Units 

_ 04290 Adobe Masonry Units 

_ 04400 Stone 

_ 04500 Refractories 

_ 04600 Corrosion-Resistant Masonry 

_ 04700 Simulated Masonry 

_ 04800 Masonry Assemblies 

_ 04900 Masonry Restoration and Cleaning 

DIVISION 5— METALS 

_ 05050 Basic Metal Materials and Methods 

_ 05100 Structural Metal Framing 

_ 05200 Metal Joists 

_ 05300 Metal Deck 

_ 05400 Cold-Formed Metal Framing 

_ 05500 Metal Fabrications 

_ 05510 Metal Stairs and Ladders 

_ 05520 Handrails and Railings 

_ 05530 Gratings 

_ 05540 Floor Plates 

_ 05550 Stair Treads and Nosings 

_ 05560 Metal Castings 

_ 05580 Formed Metal Fabrications 

_ 05600 Hydraulic Fabrications 

_ 05650 Railroad Track and Accessories 

_ 05700 Ornamental Metal 

_ 05800 Expansion Control 

_ 05900 Metal Restoration and Cleaning 
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DIVISION 6— WOOD AND PLASTICS 

_ 06050 Basic Wood and Plastic Materials and Methods 

_ 06100 Rough Carpentry 

_ 06110 Wood Framing 

_ 06120 Structural Panels 

_ 06130 Heavy Timber Construction 

_ 06140 Treated Wood Foundations 

_ 06150 Wood Decking 

_ 06160 Sheathing 

_ 06170 Prefabricated Structural Wood 

_ 06180 Glue-Laminated Construction 

_ 06200 Finish Carpentry 

_ 06220 Millwork 

_ 06250 Prefinished Paneling 

_ 06260 Board Paneling 

_ 06270 Closet and Utility Wood Shelving 

_ 06400 Architectural Woodwork 

_ 06410 Custom Cabinets 

_ 06415 Countertops 

_ 06420 Paneling 

_ 06430 Wood Stairs and Railings 

_ 06440 Wood Ornaments 

_ 06445 Simulated Wood Ornaments 

_ 06450 Standing and Running Trim 

_ 06455 Simulated Wood Trim 

_ 06460 Wood Frames 

_ 06470 Screens, Blinds, and Shutters 

_ 06500 Structural Plastics 

_ 06600 Plastic Fabrications 

_ 06900 Wood and Plastic Restoration and Cleaning 

DIVISION 7 —THERMAL AND MOISTURE PROTECTION 

_ 07050 Basic Thermal and Moisture Protection Materials 

and Methods 

_ 07100 Dampproofing and Waterproofing 

_ 07110 Dampproofing 

_ 07120 Built-up Bituminous Waterproofing 

_ 07130 Sheet Waterproofing 

_ 07140 Fluid-Applied Waterproofing 

_ 07150 Sheet Metal Waterproofing 

_ 07160 Cementitious and Reactive Waterproofing 

_ 07170 Bentonite Waterproofing 

_ 07180 Traffic Coatings 

_ 07190 Water Repellants 

07200 Thermal Protection 
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_ 07210 Building Insulation 

_ 07220 Roof and Deck Insulation 

_ 07240 Exterior Insulation and Finish Systems (EIFS) 

_ 07260 Vapor Retarders 

_ 07270 Air Barriers 

07300 Shingles, Roof Tiles, and Roof Coverings 

_ 07310 Shingles (Asphalt, Fiberglass Reinforced, Metal, 

Mineral Fiber Cement, Plastic Shakes, Porcelain 
Enamel, Slate, Wood, and Wood Shakes) 

_ 07320 Roof Tiles (Clay, Concrete, Metal, Mineral Fiber 

Cement, Plastic) 

_ 07330 Roof Coverings 

07400 Roofing and Siding Panels 

_ 07410 Metal Roof and Wall Panels 

_ 07420 Plastic Roof and Wall Panels 

_ 07430 Composite Panels 

_ 07440 Faced Panels 

_ 07450 Fiber-Reinforced Cementitious Panels 

_ 07460 Siding (Aluminum, Composition, Hardboard, 

Mineral Fiber Cement, Plastic, Plywood, Steel, 
and Wood) 

_ 07470 Wood Roof and Wall Panels 

_ 07480 Exterior Wall Assemblies 

07500 Membrane Roofing 

_ 07510 Built-up Roofing 

_ 07520 Cold-Applied Bituminous Roofing 

_ 07530 Elastomeric Membrane Roofing (CPE, CSPE, 

CPA, EPDM, NBP, and PIB) 

_ 07540 Thermoplastic Membrane Roofing (EIP, PVC, 

and TPA) 

_ 07550 Modified Bituminous Membrane Roofing 

_ 07560 Fluid-Applied Roofing 

_ 07570 Coated Foamed Roofing 

_ 07580 Roll Roofing 

_ 07590 Roof Maintenance and Repairs 

07600 Flashing and Sheet Metal 

_ 07610 Sheet Metal Roofing 

_ 07620 Sheet Metal Flashing and Trim 

_ 07630 Sheet Metal Roofing Specialties 

_ 07650 Flexible Flashing 

07700 Roof Specialties and Accessories 
_ 07710 Manufactured Roof Specialties (Copings, Coun¬ 
terflashing, Gravel Stops and Fascias, Gutters 
and Downspouts, Reglets, Roof Expansion 
Assemblies, and Scuppers) 


30 The Architect’s Portable Handbook 


_ 07720 Roof Accessories (Manufactured Curbs, Relief 

Vents, Ridge Vents, Roof Hatches, Roof Walk 
Boards, Roof Walkways, Smoke Vents, Snow 
Guards, and Waste Containment Assemblies) 

_ 07760 Roof Pavers 

_ 07800 Fire and Smoke Protection 

_ 07810 Applied Fireproofing 

_ 07820 Board Fireproofing 

_ 07840 Firestopping 

_ 07860 Smoke Seals 

_ 07870 Smoke Containment Barriers 

_ 07900 Joint Sealers 

DIVISION 8— DOORS AND WINDOWS 

_ 08050 Basic Door and Window Materials and Methods 

_ 08100 Metal Doors and Frames 

_ 08110 Steel 

_ 08120 Aluminum 

_ 08130 Stainless Steel 

_ 08140 Bronze 

_ 08150 Preassembled Metal Door and Frame Units 

_ 08160 Sliding Metal Doors and Grilles 

_ 08180 Metal Screen and Storm Doors 

_ 08190 Metal Door Restoration 

_ 08200 Wood and Plastic Doors 

_ 08300 Specialty Doors 

_ 08310 Access Doors and Panels 

_ 08320 Detention Doors and Frames 

_ 08330 Coiling Doors and Grilles 

_ 08340 Special Function 

_ 08350 Folding Doors and Grilles 

_ 08360 Overhead Doors 

_ 08370 Vertical Lift Doors 

_ 08380 Traffic Doors 

_ 08390 Pressure-Resistant Doors 

_ 08400 Entrances and Storefronts 

_ 08410 Metal-Framed Storefronts 

_ 08450 All-Glass Entrances and Storefronts 

_ 08460 Automatic Entrance Doors 

_ 08470 Revolving Entrance Doors 

_ 08480 Balanced Entrance Doors 

_ 08490 Sliding Storefronts 

_ 08500 Windows 

_ 08510 Steel 

_ 08520 Aluminum 

08530 Stainless Steel 
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_ 08540 Bronze 

_ 08550 Wood 

_ 08560 Plastic 

_ 08570 Composite 

_ 08580 Special Function 

_ 08590 Window Restoration and Replacement 

_ 08600 Skylights 

_ 08700 Hardware 

_ 08800 Glazing 

_ 08810 Glass 

_ 08830 Mirrors 

_ 08840 Plastic Glazing 

_ 08850 Glazing Accessories 

_ 08890 Glazing Restoration 

_ 08900 Glazing Curtain Wall 

_ 08910 Metal-Framed Curtain Wall 

_ 08950 Translucent Wall and Roof Assemblies 

_ 08960 Sloped Glazing Assemblies 

_ 08970 Structural Glass Curtain Walls 

_ 08990 Glazed Curtain Wall Restoration 

DIVISION 9— FINISHES 

_ 09050 Basic Finish Materials and Methods 

_ 09100 Metal Support Assemblies 

_ 09200 Plaster and Gypsum Board 

_ 09300 Tile 

_ 09305 Tile Setting Materials and Accessories 

_ 09310 Ceramic 

_ 09330 Quarry 

_ 09340 Paver 

_ 09350 Glass Mosaics 

_ 09360 Plastic 

_ 09370 Metal 

_ 09380 Cut Natural Stone Tile 

_ 09390 Tile Restoration 

_ 09400 Terrazzo 

_ 09500 Ceilings 

_ 09510 Acoustical 

_ 09545 Specialty 

_ 09550 Mirror Panel Ceilings 

_ 09560 Textured 

_ 09570 Linear Wood 

_ 09580 Suspended Decorative Grids 

_ 09590 Ceiling Assembly Restoration 

_ 09600 Flooring 

09610 Floor Treatment 
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_ 09620 Specialty Flooring 

_ 09630 Masonry 

09640 Wood 

_ 09650 Resilient 

_ 09660 Static Control 

_ 09670 Fluid Applied 

_ 09680 Carpet 

_ 09690 Flooring Restoration 

_ 09700 Wall Finishes 

_ 09710 Acoustical Wall Treatment 

_ 09720 Wall Covering 

_ 09730 Wall Carpet 

_ 09740 Flexible Wood Sheets 

_ 09750 Stone Facing 

_ 09760 Plastic Blocks 

_ 09770 Special Wall Surfaces 

_ 09790 Wall Finish Restoration 

_ 09800 Acoustical Treatment 

_ 09810 Acoustical Space Units 

_ 09820 Acoustical Insulation and Sealants 

_ 09830 Acoustical Barriers 

_ 09840 Acoustical Wall Treatment 

_ 09900 Paints and Coatings 

_ 09910 Paints 

_ 09930 Stains and Transparent Finishes 

_ 09940 Decorative Finishes 

_ 09960 High-Performance Coatings 

_ 09970 Coatings for Steel 

_ 09980 Coatings for Concrete and Masonry 

_ 09990 Paint Restoration 

DIVISION 10— SPECIALTIES 

_ 10100 Visual Display Boards 

_ 10150 Compartments and Cubicles 

_ 10200 Louvers and Vents 

_ 10240 Grilles and Screens 

_ 10250 Service Walls 

_ 10260 Wall and Corner Guards 

_ 10270 Access Flooring 

_ 10290 Pest Control 

_ 10300 Fireplaces and Stoves 

_ 10340 Manufactured Exterior Specialties 

_ 10350 Flagpoles 

_ 10400 Identification Devices 

_ 10450 Pedestrian Control Devices 

10500 Lockers 
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_ 10520 Fire Protection Specialties 

_ 10530 Protective Covers 

_ 10550 Postal Specialties 

_ 10600 Partitions 

_ 10670 Storage Shelving 

_ 10700 Exterior Protection 

_ 10750 Telephone Specialties 

_ 10800 Toilet, Bath, and Laundry Accessories 

_ 10880 Scales 

_ 10900 Wardrobe and Closet Specialties 

DIVISION 11— EQUIPMENT 

_ 11010 Maintenance Equipment 

_ 11020 Security and Vault Equipment 

_ 11030 Teller and Service Equipment 

_ 11040 Ecclesiastical Equipment 

_ 11050 Library Equipment 

_ 11060 Theater and Stage Equipment 

_ 11070 Instrumental Equipment 

_ 11080 Registration Equipment 

_ 11090 Checkroom Equipment 

_ 11100 Mercantile Equipment 

_ 11110 Commercial Laundry and Dry Cleaning Equip¬ 
ment 

_ 11120 Vending Equipment 

_ 11130 Audiovisual Equipment 

_ 11140 Vehicle Service Equipment 

_ 11150 Parking Control Equipment 

_ 11160 Loading Dock Equipment 

_ 11170 Solid Waste Handling Equipment 

_ 11190 Detention Equipment 

_ 11200 Water Supply and Treatment Equipment 

_ 11280 Hydraulic Gates and Valves 

_ 11300 Fluid Waste Treatment and Disposal Equipment 

_ 11400 Food Service Equipment 

_ 11450 Residential Equipment 

_ 11460 Unit Kitchens 

_ 11470 Darkroom Equipment 

_ 11480 Athletic, Recreational, and Therapeutic Equipment 

_ 11500 Industrial and Process Equipment 

_ 11600 Laboratory Equipment 

_ 11650 Planetarium Equipment 

_ 11660 Observatory Equipment 

_ 11680 Office Equipment 

_ 11700 Medical Equipment 

_ 11780 Mortuary Equipment 
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_ 11850 Navigation Equipment 

_ 11870 Agricultural Equipment 

_ 11900 Exhibit Equipment 

DIVISION 12— FURNISHINGS 

_ 12050 Fabrics 

_ 12100 Art 

_ 12300 Manulactured Casework 

_ 12400 Furnishings and Accessories 

_ 12500 Furniture 

_ 12600 Multiple Seating 

_ 12700 Systems Furniture 

_ 12800 Interior Plants and Planters 

_ 12900 Furnishings Restoration and Repair 

DIVISION 13— SPECIAL CONSTRUCTION 

_ 13010 Air-Supported Structures 

_ 13020 Building Modules 

_ 13030 Special-Purpose Rooms 

_ 13080 Sound, Vibration, and Seismic Control 

_ 13090 Radiation Protection 

_ 13100 Lightning Protection 

_ 13110 Cathodic Protection 

_ 13120 Preengineered Structures 

_ 13150 Swimming Pools 

_ 13160 Aquariums 

_ 13165 Aquatic Park Facilities 

_ 13170 Tubs and Pools 

_ 13175 Ice Rinks 

_ 13185 Kennels and Animal Shelters 

_ 13190 Site-Constructed Incinerators 

_ 13200 Storage Tanks 

_ 13220 Filter Underdrains and Media 

_ 13230 Digester Covers and Appurtenances 

_ 13240 Oxygenation Systems 

_ 13260 Sludge Conditioning Systems 

_ 13280 Hazardous Material Remediation 

_ 13400 Measurement and Control Instrumentation 

_ 13500 Recording Instrumentation 

_ 13550 Transportation Control Instrumentation 

_ 13600 Solar and Wind Energy Equipment 

_ 13700 Security Access and Surveillance 

_ 13800 Building Automation and Control 

_ 13850 Detection and Alarm 

_ 13900 Fire Suppression 
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DIVISION 14— CONVEYING SYSTEMS 

_ 14100 Dumbwaiters 

_ 14200 Elevators 

_ 14300 Escalators and Moving Walks 

_ 14400 Lifts 

_ 14500 Material Handling 

_ 14600 Hoists and Cranes 

_ 14700 Turntables 

_ 14800 Scaffolding 

_ 14900 Transportation 

DIVISION 15— MECHANICAL 

_ 15050 Basic Mechanical Materials and Methods 

_ 15100 Building Services Piping 

_ 15200 Process Piping 

_ 15300 Fire Protection Piping 

_ 15400 Plumbing Fixtures and Equipment 

_ 15500 Heat-Generation Equipment 

_ 15600 Refrigeration Equipment 

_ 15700 Heating, Ventilating, and Air Conditioning Equip¬ 
ment 

_ 15800 Air Distribution 

_ 15900 HVAC Instrumentation and Controls 

_ 15950 Testing, Adjusting, and Balancing 

DIVISION 16— ELECTRICAL 

_ 16050 Basic Electrical Materials and Methods 

_ 16100 Wiring Methods 

_ 16200 Electrical Power 

_ 16300 Transmission and Distribution 

_ 16400 Low-Voltage Distribution 

_ 16500 Lighting 

_ 16700 Communications 

16800 Sound and Video 
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_ D. PROGRAMMING @ @ @ 


1. Programming is a process leading to the statement of an 
architectural problem and the requirements to be met in 
offering a solution. It is the search for sufficient information 
to clarify, to understand, to state the problem. Program¬ 
ming is problem seeking and design is problem solving. 

2. Use the Information Index on pp. 4CM11 as a guide for cre¬ 
ating a program for more complex projects. 

3. Efficiency Ratios : Use the following numbers to aid in 
planning the size of buildings in regard to the ratio of net 
area to gross area: 


assigned areas — 


unassigned areas 
(circulation, walls, etc.) 


50/50% = 100% 

J 


gross 

building 

area 


Note: The gross area of a building is the total floor area based on 
outside dimensions. The net area is based on the interior dimen¬ 
sions. For office or retail space, net leasable area means the area of 
the primary function of the building excluding such things as stair¬ 
wells, corridors, mech. rooms, etc. 


Common Range 

Automobile analogy 

For buildings 

Ratios 

Super Luxury 

Superb 

50/50 

Luxury 

Grand 

55/45 

Full 

Excellent 

60/40 

Intermediate 

Moderate 

65/35 

Compact 

Economical 

67/33 

Subcompact 

Austere 

70/30 

Uncommon Range 


Meager 

75/25 


Spare 

80/20 


Minimal 

85/15 


Skeletal 

90/10 


See App. A, item B, p. 621 for common ratios by building type. 
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The following table gives common breakdowns of unassigned 
areas: 


Circulation 

16.0 

20.0 

22.0 

24.0 

25.0 

Mechanical* 

5.0 

5.5 

7.5 

8.0 

10.0 

Structure and walls 

7.0 

7.0 

8.0 

9.5 

10.0 

Public toilets 

1.5 

1.5 

1.5 

2.0 

2.5 

Janitor closets 

0.2 

0.5 

0.5 

0.5 

1.0 

Unassigned storage 

0.3 

0.5 

0.5 

1.0 

1.5 


30.0% 

35.0% 

40.0% 

45.0% 

50.0% 


* More detailed HVAC systems space requirements as a percentage of 
building gross floor area: 

Gross floor 

area (SF) Residential Institutional Assembly Laboratory 

10,000 6 8 9 11 

50,000-100,000 4 6 7 10 

500,000 3 4 5 8 
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INFORMATION INDEX (52) 



GOALS What does the 
client want to achieve & 
why? 

FACTS 

What is it all about? 

FUNCTION What's 
going to happen in 
the building? 

People 

Activities 

Relationships 

Mission 

Maximum number 

Individual identity 
Interaction/privacy 

Hierarchy of values 

Security 

Progression 

Segregation 

Encounters 

Efficiency 

Statistical data 

Area parameters 

Ma n power/workloads 

User characteristics 
Community characteristics 
Value of loss 

Time-motion study 

Traffic analysis 

Behavioral patterns 

Space adequacy 

FORM What is 
there now & what 
is to be there? 

Site 

Environment 

Quality 

Site elements 
(Trees, water, open space, 
existing facilities, 
utilities) 

Efficient land use 

Neighbors 

Individuality 

Direction 

Entry 

Projected image 

Level of quality 

Site analysis 

Climate analysis 

Cope survey 

Soils analysis 

F.A.R. and G.A.C. 
Surroundings 

Psychological implications 
Cost/SF 

Building efficiency 

Functional support 

ECONOMY 

Concerns the 
initial budget & 
quality of 
construction. 

Initial budget 
Operating costs 
Lifecycle costs 

Extent of funds 

Cost effectiveness 

Maximum return 

Return on investment 

Minimize oper. costs 

Maint. & oper. costs 

Reduce life cycle costs 

Cost parameters 

Maximum budget 

Time-use factors 

Market analysis 

Energy source-costs 
Activities & climate 
factors 

Economic data 

TIME Deals with 
the influences of 
history, the 
inevitability of 
change from the 
present, & 
projections into 
the future. 

Past 

Present 

Future 

Historic preservation 
Static/dynamic 

Change 

Growth 

Occupancy date 

Significance 

Space parameters 

Activities 

Projections 

Linear schedule 


40 














CONCEPTS How 

does the client 
want to achieve the 
goa Is? 

NEEDS How much monev. 
space, & quality (as 
opposed to wants)? 

PROBLEM What are the 
significant conditions & 
the general directions the 
design of the building 
should take? 

Service grouping 

People grouping 
Activity grouping 
Priority 

Security controls 
Sequential flow 
Separated flow 

Mixed flow 
Relationships 

Space requirements 

Parking requirements 

Outdoor space req’mts. 
Suilding efficiency 

Functional alternatives 

Unique and important 
performance 
requirements which will 
shape building design. 

Enhancement 

Climate control 

Safety 

Special 

foundations 

Density 

interdependence 

Home base 

Orientation 

Accessibility 

Character 

Quality control 

Quality (cost/SF) 
Environmental & site 
influences on costs 

Major form considerations 
which will affect building 
design. 

Cost control 

Efficient allocation 

Multifunction 

Merchandising 

Energy 

conservation 

Cost control 

Cost estimate analysis 

Entry budget (FRAS) 
Operating costs 

Life cycle costs 

Attitude toward the initial 
budget and its influence 
on the fabric and 
geometry of the building. 

Adaptability 
Tailored/loose fit 
Convertibility 
Expansibility 
Concurrent 
scheduling 

Phasing 

Escalation 

Implications of change/ 
growth on long-range 
performance. 
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_E. CONSTRUCTION COSTS 

Note: Most costs throughout this book (and this chapter) are 
from the following sources: 

(c) (?) (15) (21) (22) (23) (43) (44) (52) (55) 

These references are used throughout the book, although not 
identified at specific places. 

_1 This book has rough cost data throughout. Rough costs 

are boldface. Subcontractor’s overhead and profit, plus tax, 
are included. Both material (M) and labor (L) are included, 
usually with a general idea of percentage of each to the total 
(100%). Because there is room for only one cost per “ele¬ 
ment,” often an idea of possible variation (higher or lower) 
of cost is given. Sometimes two numbers are given—the first 
being for residential and the second for commercial. One 
must use judgment in this regard to come up with a reason¬ 
able but rough cost estimate. As costs change, the user will 
have to revise costs in this book. The easiest way to do this 
will be to add historical modifiers, published each year, by 
various sources. The costs in this book are approx, costs at 
mid-2009. Over the last few years costs have increased 
about 2% to 4% per year. Be sure to compound when using 
this rule of thumb. See p. 60 for compounding. 


E-XAMPUE.; 

A C^KlerrpU^TIDW ITEM IN THE BOOK CrlVEA? THE FOLLOWlNO-c 
$>*>■00 /F (40'/ M 4- 60/ L)C VARIATION Of +| ooV. 

THl'b M6AN6 THAT A6 A UXX> AVERAGE, THE OX >T <=F THE 
ITEM ( WITH THE 6U1*. COWTg/fcToeA. ©i/e£HG4p ANP PRO¬ 

FIT INOLUPEC?.) IA> 'b'p/6p, -THE. MATERIAL Cain 16 APPRO)/- 

<%>*>'*■ .40 = $2/ef. the la&oe. coat ia approx. “fee) x ,<ho 
=• cj>2>/e>F. HOWEVER, A VERY EXPeNElYE VEKt&ION CAN I3E 
KOUEOHY 1 00-/ HIEHSrz, (43 x -2 = 3 >io/ef) pie. a cheaper. 

N/EKElON CAN 06 POUAHuY Zfl/ U£W£K- C X - ■T-4-/5F), 

0uT the appro*, average ie- note that the c&f 

ERAL CONTRACTOR OVg«.H3ftp ANP PEOFT IE- NOT INOYPiSC?. |p 
TftE C 06 T 16 6AY 2 YEAR OLC?, A<SA>UMlNfr 3>/„ INFLATION/ 
YsTAIt, the NOW EECOwa^; ‘& t z/‘5’P 

/6F K l,(J% 4 “fc 'r.'Sl/E’F. A FlNAU F/fLTOK. IE? LOCATION FglC 
ITEM V OF APPENDIX ®. IF TOOK LOCATION 16 HO/, THE FiNAU 
E6TIM4TS2 006T 16- A X = 44.TJ/6F, 
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2. Co st Control and Estimating 

Cost estimating can be time-consuming. It can also be dan¬ 
gerous in that wrong estimates may require time-consuming 
and expensive redesign. From the beginning of a project, 
responsibility for cost control (if any) should clearly be 
established. If the architect is responsible for doing esti¬ 
mates, the architect should consider the following points: 

_ a. Apples to Apples: In discussing costs and budgets 

with clients and builders, the parties must be sure 
they are comparing “apples to apples” (i.e., what is 
included and excluded). Examples of misunder¬ 
standings: 

_ (1) Cost of land (is usually excluded). 

_ (2) Financing costs (are usually excluded). 

_ (3) Architectural/Engineering (A/E) fees (are 

usually excluded). 

_ (4) City or government fees (are usually ex¬ 
cluded). 

_ (5) Is site work included or excluded in a $/SF 

estimate? 

_ (6) Are Furniture, Fixture, and Equipment 

(FF&E) costs included or excluded (usually 
excluded)? 


AM fe£f 1$- vtoft KiM6r fcfc A ' r « e 

fl&cmrecc H/Vb im mwx? A ^ go/£F euPA&f. life 

IM MirJt? A £ ISF A24W - 

iiE£T^ bltMU&z haa a zoA-rmcroe.^ of 

vo'/- \f-Twe- FfenJaiF weee. Me^oTiATEP 

went am the -BffeE. tnnapeiL 

V? 'TftuJKi<46- Aftsor Pi«&£f CO‘Tf'7, orttr-Y, TtieJ 

ECMFA&nJE? "AfF&F? T 0 OZAt^G-^". f^irr IF TVS 

Nlutvtf^eiz. Ap swrec • 

&& IF -nfe r&^r'a ^ ApJobtec^ 

4p^o/^r x 

fi404, TSef A*L£ *A?pi&z> tp 
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b. Variables: The $/SF figures for various building 
types shown in App. A, item D are for average sim¬ 
ple buildings. They (as all other costs in this book) 
may need to be modified by the following variables: 

_ (1) Location. Modify costs for actual location. 

Use modifiers often published or see App. 
B, item V. 

_ (2) Historical Index. If cost data is old, modify 

to current or future time by often-published 
modifiers. 

_ (3) Building Size. The $/SF costs may need to 

be modified due to size of the project (see 
App. A, item C). Median sizes may be mod¬ 
ified roughly as follows: 

As size goes down, cost goes up by ratio of 
1 to 2. 

As size goes up, cost goes down by ratio of 
3 to 1. 

_ (4) Shape and Perimeter. Increases in perimeter 

and more complicated shapes will cause 
costs to go up. Where single elements are 
articulated (e.g., rounded corners or differ¬ 
ent types of coursing and materials in a 
masonry wall), add 30% to the costs 
involved. 

_ (5) Height. As the number of stories goes up 

the cost goes up due to structure, fire pro¬ 
tection, life safety issues, etc. For each addi¬ 
tional story add 1% to 5%. 

_ (6) Quality of Materials, Construction, and 

Design. Use the following rough guidelines 
to increase or decrease as needed: 


Automobile 

analogy 

For 

buildings 

% 

Super Luxury 

Superb 

+120 

Luxury 

Grand 

+60 

Full 

Excellent 

+20 

Intermediate 

Moderate 

100 

Compact 

Economical 

-10 

Subcompact 

Austere 

-20 


Note: Quality from lowest to highest can 
double the cost. 
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_ (7) Familiarity. A builder’s familiarity (or lack 

of) with a building or construction type will 
affect price. 

_ c. Costs (and construction scheduling) can be affected by 

weather, season, materials shortages, labor practices. 

_ d. Beyond a 20-mile radius of cities, extra transporta¬ 
tion charges increase material costs, slightly. This 
may be offset by lower wage rates. In dense urban 
areas costs may increase. 

_ e. In doing a total estimate, an allowance for general 

conditions should be added. This usually ranges 
from 5 to 15%, with 10% a typical average. 

_ f. At the end of a total estimate, an allowance for the 

general contractor’s overhead and profit should be 
added. This usually ranges from 10 to 20%. Market 
conditions at the time of bidding will often affect 
this percentage as well as all items. The market can 
swing 10 to 20% from inactive to active times. 

_ g. Contingencies should always be included in estimates 

as listed below. On alterations or repair projects, 20% 
is not an unreasonable allowance to make. 

_ h. Use rounding of numbers in all estimating items. 

_ i. Consider using “add alternates” to projects where 

the demand is high but the budget tight.These alter¬ 
nates should be things the client would like but does 
not have to have and should be clearly denoted in 
the drawings. 

_ j. It is often wise for the architect to give estimates in 

a range. 

_ k. Because clients often change their minds or things 

go wrong that cannot be foreseen in the beginning, 
it may pay to advise the client to withhold from his 
budget a confidential 5 to 10% contingency. On the 
other hand, clients often do this anyway, without 
telling the architect. 

_ /. Costs can further be affected by other things: 

Government overhead =+100% 

Award-winning designs are often =+200 to 300% 

3. Cost Control Procedure 

_ a. At the predesign phase or beginning of a project, 

determine the client’s budget and what it includes, as 
well as anticipated size of the building. Back out all 
non construction costs such as cost of land, furniture 
and fixtures, design fees, etc. Verify, in a simple for¬ 
mat (such as $/SF, $/room, etc.) that this is reason¬ 
able. See App. A, item D for average $/SF costs as a 
comparison and guideline. 
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_ b. At the schematic design phase, establish a reason¬ 
able $/SF target. Include a 15% to 20% contingency. 

_ c. At the design development phase, as the design 

becomes more specific, do a “systems” estimate. See 
Part 13 as an aid. For small projects a “unit” estimate 
might be appropriate, especially if basic plans (i.e., 
framing plans, etc.) not normally done at this time 
can be quickly sketched up for a “take off.” Include 
a 10% to 15% contingency. 

_ d. At the construction documents phase, do a full unit 

“take off.” For smaller projects, the estimate in the 
last phase may be enough, provided nothing has 
changed or been added to the project. Add a 5% to 
10% contingency. 

4. Typical Single Family Residential Costs 

The following guidelines may be of use to establish $/SF 
budgets (site work not included): 

_ a. Production Homes: 

_ (1) For a 4-corner, 1600-SF tract house, wood 

frame, 1 story, with a 450-SF garage, no base¬ 
ment, and of average quality, use $95.00/SF 
(conditioned area only) as a 2009 national 
average. Break down as follows: 


Item 

% of total 

1 

General (including O & P) 

18.5 

2 

Sitework (excavation only) 

1 

3 

Concrete 

6 

4 

Masonry (brick hearth and veneer) 

.5 

5 

Metals 


6 

Wood 



Rough carpentry 

17 


Finish carpentry and cabinetry 

7.5 

7 

Thermal and moisture protection 



(insulation and roofing) 

8 

8 

Doors, windows, and hardware 

4 

9 

Finishes (stucco, wallboard, resilient flooring, 



carpet, paint) 

19 

10 

Specialties (bath accessories and prefab 



fireplace) 

1.5 

11 

Equipment (built-in appliances) 

1.5 

2-14 


15 

Mechanical 



Plumbing 

8 


HVAC (heating only) 

3 

16 

Electrical (lighting and wiring) 

4.5 

100% 
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(2) Modify as follows: 

_ (a) For “tract” or repetitive homes 

deduct 8% to 12%. 

_ (b) For perimeter per the following 

percentages: 

For 6 corners, add 214%. For 8 cor¬ 
ners add 5 / 2 %. For 10 corners add 


TA%. 

(c) Quality of construction: 

Low Average Good Best 

-15% 100% +20% +50% 

(d) Deduct for rural areas: 5% 

(e) Add for 1800-SF house 

(better quality) 4% 

(f) Add for 2000-SF house 

(better quality) 3% 

(g) Deduct for over 2400 SF 

house (same quality) 3% 

(h) Add for second story 4% 

(i) Add for split-level house 3% 

(j) Add for 3-story house 10% 

(k) Add for masonry con¬ 
struction 9% 


_ (1) Add for finished basement 40% 

_ (m) Adjust for garage (larger or 

smaller): use 50% of house area. 

_ (n) No site work is included! 

_ b. Custom-designed homes: 

The result of the above can be easily increased by Vs 
to 3 / or more. See App. A, p. 621. 

5. Typical Commercial Buildina Cost Percentages 


Division 

New const. 

Remodeling 

1. General requirements 

6 to 8% 

about 30% 

2. Sitework 

4 to 6% 

for general 

3. Concrete 

15 to 20% 


4. Masonry 

8 to 12% 


5. Metals 

5 to 7% 


6. Wood 

1 to 5% 


7. Thermal and moisture 



protection 

4 to 6% 


8. Doors, windows, and 



glass 

5 to 7% 


9. Finishes 

8 to 12% 

about 30% 
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10. Specialties* 

11. Equipment* 

12. Furnishings* 

13. Special construction* 

14. Conveying systems* 

15. Mechanical 

16. Electrical 

Total 


for divisions 
8-12 

6 to 10%* 

about 40% 

15 to 25% for mech. 

8 to 12% and elect. 

100% 


*Note: FF&E (Furniture, Fixtures, and Equipment) are often excluded 
from building cost budget. 


6. Guidelines for Tenant Improvements (Til in Office Build¬ 

ings: 

_ a. To estimate costs: take full building costs (see App. 

A, item D) less cost for frame and envelope and less 
M mech. and elect, costs. 

_ b. Costs for office building frames and envelopes: $40 

to $50/SF . 

_ c. TI costs range from $35 to $65/SF tin extreme cases 

$120/SF) . 

7. Guidelines for Demolition 

_ a. Total buildings: $6 to $10/SF 

_ b. Separate elements: 10% to 50% of in-place const. 

cost of element. 

8>. Project Budgeting 

_ a. At the programming phase a total project budget 

may be worked using the following guidelines: 

A. Building cost (net area/efficiency 
ratio = Gross area, gross area x unit 

cost = building cost) $_ 

B. Fixed equipment costs (lockers, kit. 

equip., etc.), percent of line A* $_ 

C. Site development cost, percent of 

line A* $_ 


D. Total construction cost (A + B + C) $ 

E. Site acquisition and/or demolition 

(varies widely) $. 

F. Movable equipment (such as furnish¬ 
ings) percent of line A* (also see 

App. A, item F) $. 

G. Professional fees (vary from 5 to 

10%), percent of line D $. 

H. Contingencies* $. 
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I. Administrative costs (varies from 

1 to 2%), percent of line D f $ 


J. Total budget required (D, E-J) $. 


Percentages: low: 5%; medium: 10-15%; high: 20%; very 
high: 30%. 

Tor those projects which require financing costs, the following 
can be added to line J: 

1. Permanent financing (percent of line K): 

Investment banker fee varies, 2.5 to 6%. 

Construction loan fee varies, 1 to 2%. 

2. Interim financing (percent of line D): 

Approximately varies 1.5 to 2% above prime rate per year 
of construction time. 

_ b. How to work back from total budget to building 

cost: 

The following formula can be used to reduce line K, 
total budget required, to line A, building cost: 

total budget - site acquisition 

Building cost = - 

6 X+Y+Z 

X = 1 + (_% fixed equip.) + (_% site dev.) 

Y = (X) [(_% contingency) + (_% prof, fee) + 

(_% adm. cost)] 

Z =_% movable equipment 

Where necessary, interim financing percentage is 
added to admin, cost. Permanent financing percent¬ 
age becomes TinX + Y + Z+T. 

9. Use Architectural Areas of Buildings as an aid in cost¬ 
estimating. See Architectural Area Diagram on p. 51. When 
doing “conceptual” estimating, by comparing your project 
to already built projects you can come up with an adjusted 
area by adding or subtracting the ratios shown. 
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ARCHITECTURAL AREA P1A&RAM 
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EXAMPLE: 


PK03LGM: E5TA&U5H A FUU. PK£LM. 

BuPoEl' R>r a 

FROFOOFV Z£0OO*F OFFICE 5Uit.ClH6 OK A 

4 A«£ 4lfg /M WlOHlTA, KAH4A&, Y/OKK VF 

A RAH6& OF U>W, 

MEPiUM , 

# hish^awp 

Ttte+J FORTHZP peveup THE- AV6PA6E. 


5o.UTi<?N; 

A. &A5lCF> 

Low 

AVE. 

I4I6H 

1- 51TE t?£V. Oo&Ta (f$E£ P. 227). 3 

7 

12. 

rueae- are Vaf op aiTE. 




l_E4£> 0UIUPW& FOOT PRIrtT. 




•Z. 5Uiu?iK& ewea- ^ra 




£5Ee P, 630/ Arr&l.A, i'TEM 37 

M3 

\5>0 

(?). 7ft«e Age $/ap; 

3. r. /. <f«eg p. 44). 

THEAE APE #/3F. 

4. F, f. 46. 6cara> 6 se£- 

40 

45 

BO 

P, 630/ APPE4. A ; ITEM 
f). Ttfeae are 4/s-f 

12 

24 

36 

R3K Fl#?N|5Hlrt63 £ E©Uf? 




& e>?£aP\ce> 

$ooo 


I.eiTE i7EvC COBVB'- 
3AC X 495GOSF/AC [SAB 
15000 47 •&&&. FOoTFRlOT 
= 105680 ap. HiJuriFu-/ 
TriA X $/6F IN 1 A0o^C, 

1, &o\u?itiG aweu, ooarai 

634 

731.76 

1269.(6 

'Z&C00 5F X $/<SF IM 2, 1 

8(2*5 

2350 

3113.75 


a^cve-. _. _. __ 

oF G-.C. COGV& £ 2 533.30 $4634.41 

^AY 5 4» 3 273 

2. T.l. 60514 ? 

15000 4>F X 75% £4£&- 

F- 630. AP4 A, rrgH i3p - \s~l50 4? - <a»TWtsg- 
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u£45£ Aee a -rtMEg? 4 /af 
of 3, Ago'/e. 

5AYS 

4. ?.?.$&-, cc&r*?. Mdurm-V 
NerAEEAoF is iso -eg x 
£/ep of 4, Aeo/e- 

says 

5, A/e. PEOIAM FLEA? i 

CZ). eee. ?. c&o, Arp&\. 

A, ireM £. 

U 4 t Mf. Of 0,5 '/. x 5 HELL 

4 r.i. c&xa of 5<yi4A<xo 


OS>£j> ooo 


375> 


3/ 


4 6a. .75 

£ 470 ooo 

6.5-/ 

$'24-3006 


750 


6%,7& 


lo'J. 


6 , euMMAigv 

5UMMARV OP AV£. CO&TO 


IN LUMP SUM ALlP 4/SP 


C&Z6**?). aomox con sr. coor-F Foe. wici+irA / «e> 
5Y multipl'i'ina ev o.aj Leea . F? 045, aft. g-, item! 
V). i^>uwtp all K/UM&eeA aa th-ia ia juat a pearl. 
&U{?A&T. 


WMF 7 

x APUU^ 

?/&F 

50H 

f73£Wl2HTA 


5iie ccaoz?"' 730700 

5-99 005 

24.0© 

0OlU2 l 6. AH&LL; E 55© 0<%? 

| 9 © 3 5oo 

76.60 

T. |. C66T5 : &5f.ooo 

92\ 3oo 

'21.00 

AX, 4C.C05 T5> 

•5 3 074 000 

4?IZi .©0/^f 

P R 4 &• 00545 

470 ooo 

4.00 

A/e. reePb 

"Z43 4oo 

10.00 

TOTAL'S?: 

$ -3131 400 

£l50/&fr 
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10. Value Enaineerina and Life Cycle Costing 

The initial cost of a building appears quite insignificant 
when compared to the costs incurred to operate and main¬ 
tain a building over its lifetime. For a 20- to 30-year period, 
these costs can amount to three or four times the initial 
cost of construction. Even more impressive is the differ¬ 
ence between initial cost and the long-term salary expen¬ 
ditures needed for carrying out the work in a building, 
where the amount spent on salaries of the people working 
in the building over 20 to 30 years can be up to 50 times, or 
more, the initial construction costs. 

Considering the overall life of buildings, value engineering 
(or life cycle costing) is a systematic approach to obtaining 
optimum value for every dollar spent. Value is defined as “the 
best cost to accomplish the function.” From this, value engi¬ 
neering then becomes the identification of unnecessary cost. 
Through a system of investigation, unnecessary expenditures 
are avoided, resulting in improved value and economy. 

In contrast to cost cutting by simply making smaller quan¬ 
tities or using fewer or cheaper materials, this approach ana¬ 
lyzes function or method by asking these questions: 

What is it? 

What does it do? 

What must it do? 

What does it cost? 

What other material or method could be used to do the 
same job? 

What would the alternative cost? 

Life cycle costing looks at the total cost over the life of the 
building as expressed by the following formula: life cycle 
cost = first cost + maintenance and repair costs + operation 
costs + replacement costs - salvage value. 
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F. CONSTRUCTION ADMINISTRATION 



1. Estimate Scheduling 

Project value 


Const, time 
10 months 
15 months 
21 months 
28 months 


Under $1,400,000 
Up to $3,800,000 
Up to $19,000,000 
Over $19,000,000 


_ a. Design time runs 25 to 40% of construction time (up 

to 100% for small projects, including government 
review). 

_ b. Construction time can be affected by building type. 

Using commercial buildings as a base, modify other 
building types: industrial: -20%; research and devel¬ 
opment: +20%; institutional buildings: +30%. 

2. Site Observation Visits 

_ a. Take: 

_ (1) Plans 

_ (2) Specifications 

_ (3) Project files 

_ (4) Tape 

_ (5) Chalk 

_ (6) Camera 

_ (7) Paper 

_ (8) Pencil 

_ (9) Calculator 

_ (10) Checklist 

_ (11) Field report forms 

_ (12) Flashlight 

_ (13) String line and level 

_ b. List of site visits for small projects: 

_ (1) After building stake out is complete 

_ (2) After excavation is complete and rebar is 

in place 

_ (3) When foundation is being placed 

_ (4) When under-slab utilities and stem walls 

under way 

_ (5) During placement of concrete slab on 

grade 

_ (6) During masonry and/or frame walls and 

columns and layout of interior walls 

_(7) During floor and/or roof framing, wall and 

roof sheathing (prior to roofing) 

_ (8) During roofing 

_ (9) During drywall, plaster, plumbing, electri¬ 
cal, and FIVAC 

_ (10) At end of project (punch list) 
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_ G. PRACTICAL MATH AND TABLES 

@ ® ® ® © © 


1. General : Architects seldom have to be involved in higher 
mathematics, but they need to continually do simple math 
well. 

_ a. For rough estimating (such as in this book) an accu¬ 
racy of more than 90% to 95% is seldom required. 

_ b. Try to have a rough idea of what the answer should 

be, before the calculation (i.e., does the answer 
make sense?). 

_ c. Round numbers off and don’t get bogged down in 

trivia. 

_ d. For final exact numbers that are important (such as 

final building areas), go slow, and recheck calcula¬ 
tions at least once. 


2. Decimals of a Foot 

Decimals of an Inch 

1" = .08' 

7" = .58' 

%" = 0.125" 

5 /s" = 0.625' 

2" = .17' 

8" = .67' 

/" = 0.250" 

%" = 0.750' 

3" = .25' 

9" = .75' 

3 A" = 0.375" 

7 /s" = 0.875' 

4" = .33' 

10" = .83' 

Vi" = 0.50" 

1" = 1.0" 

5" = .42' 

11" = .92' 



6" = .50' 

12" = 1.0' 




5. Simple Alaebra 

One unknown and A = B/C Example: 3 = 15/5 
two knowns B=AxC 15 = 3x5 

C = B/A 5 = 15/3 

4. Ratios and Proportions 

One unknown and three knowns (cross multiplication) 
AC v 1 f) 

— =— Example: y X y 20 X = 5 x 10 

A >C=BkD X-2.5 

5. Exponents and Powers 

10 6 = 10 x 10 x 10 x 10 x 10 x 10 = 1,000,000 [1 + 6 zeros] 
10° = 1.0 

10 -6 = 0.000001 [6 places to left or 5 zeros in front of 1] 

6. Percent Increases or Decreases 

50% increase = Vi increase, use x 1.5 
100% increase = double, use x 2.0 
200% increase = triple, use x 3.0 
Example: 20 increases to 25 

To find percent increase: 25-20 = 5 [amount of increase] 
5/20 = 0.25 or 25% increase 


59 










The Architect’s Portable Handbook 


7. Compounding : A continual increase or decrease of num¬ 
bers, over time, that builds on itself. Regarding construction, 
the % increase of cost per year compounds over the years. 
Thus, an item that costs $1.00 in 2000 will cost $2.10 in 2005 
with 2% inflation per year. 

3. Slopes. Gradients, and Angles 

(see p. 61) 

_ a. Slope = “rise over run” or 



ror. 


% slope =-x 100 

run 


_ b. Gradient: 

as ratios of rise to run 
Example: expressed as 1 in 12 
for a ramp or as 4" in 12" for 
a roof 
_ c. Angle 

Degree angle based on rise 
and run (see properties of 
right angles) 

9. Properties of Riaht Angles 

45° angle: a 2 + b 2 = c 2 
or c = V a 2 + b 2 



For other right angles use simple 
trigonometry: 

Sin angle = opp/hyp 
Cos angle = adj/hyp 
Tan angle = opp/adj 

Use calculators with trig, functions or 
table on p. 62. 

10. Properties of Non-Riaht Angles 

Use law of sines: 

a/sin A = b/sin B = c/sin C 
a/b = sin A/sin B, etc. 

11. Properties of Circles 
A circle is divided into 360 equal parts, called degrees (°). 
One degree is an angle at the center of a circle which cuts 
off an arc that is Ym of the circumference. Degrees are sub¬ 
divided into 60 minutes ('). Minutes are subdivided into 60 
seconds ("). See p. 69. 

12. Geometric Figures 

Use the formulas on pp. 67-68 to calculate areas and vol¬ 
umes. Also, see p. 243 for excavation volumes. 
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13. Equivalents of Measure 

See pp. 75 through 82. 


Table of Slopes, Grades, Angles 


% Slope 

Inch/ft 

Ratio 

Deg. from horiz. 

1 

Vs 

1 in 100 


2 

V4 

1 in 50 


3 

% 



4 

y 2 

1 in 25 


5 

Vs 

lin 20 

3 

6 

3 A 



7 

7 /s 



8 

approx. 1 

approx. 1 in 12 


9 

lVs 



10 

m 

lin 10 

6 

11 

m 

approx. 1 in 9 


12 

m 



13 

1 Ys 



14 

1% 



15 



8.5 

16 

VA 



17 

2 

approx. 2 in 12 


18 

2/s 



19 

2M 



20 

2% 

1 in 5 

11.5 

25 

3 

3 in 12 

14 

30 

3.6 

1 in 3.3 

17 

35 

4.2 

approx. 4 in 12 

19.25 

40 

4.8 

approx. 5 in 12 

21.5 

45 

5.4 

1 in 2.2 

24 

50 

6 

6 in 12 

26.5 

55 

6% 

1 in 1.8 

28.5 

60 

TA 

approx. 7 in 12 

31 

65 

TA 

1 in 1V 2 

33 

70 

8 3 /s 

1 in 1.4 

35 

75 

9 

1 in 1.3 

36.75 

100 

12 

1 in 1 

45 
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Trigonometry Tables 


Deg 

Sin 

Cos 

Tan 

Deg 

Sin 

Cos 

Tan 

Deg 

Sin 

Cos 

Tan 

1 

.0175 

.9998 

.0175 

31 

.5150 

.8572 

.6009 

61 

.8746 

.4848 

1.8040 

2 

.0349 

.9994 

.0349 

32 

.5299 

.8480 

.6249 

62 

.8829 

.4695 

1.8807 

3 

.0523 

.9986 

.0524 

33 

.5446 

.8387 

.6494 

63 

.8910 

.4540 

1.9626 

4 

.0698 

9976 

.0699 

34 

.5592 

.8290 

.6745 

64 

.8988 

.4384 

2.0503 

5 

.0872 

.9962 

.0875 

35 

.5736 

.8192 

.7002 

65 

.9063 

.4226 

2.1445 

6 

.1045 

.9945 

.1051 

36 

.5878 

.8090 

.7265 

66 

.9135 

.4067 

2.2460 

7 

.1219 

.9925 

1228 

37 

.6018 

.7986 

.7536 

67 

.9205 

.3907 

2.3559 

S 

.1392 

.9903 

.1405 

30 

,6157 

.7800 

.7813 

68 

.9272 

.3746 

2.4751 

9 

.1564 

9877 

.1584 

39 

.6293 

.7771 

.8098 

69 

.9336 

,3584 

2.6051 

10 

.1736 

9848 

.1763 

40 

.6428 

.7660 

.8391 

70 

.9397 

.3420 

2.7475 

11 

.1908 

.9016 

.1944 

41 

.6561 

.7547 

.8693 

71 

.9455 

.3256 

2.9042 

12 

.2079 

.9781 

.2126 

42 

.6691 

.7431 

.9004 

72 

.9511 

.3090 

3.0777 

13 

.2250 

.9744 

.2309 

43 

.6820 

.7314 

.9325 

73 

.9563 

.2924 

3.2709 

14 

.2419 

.9703 

.2493 

44 

.6947 

.7193 

.9657 

74 

.9613 

.2756 

3.4874 

15 

.2588 

.9659 

.2679 

45 

.7071 

.7071 

1.0000 

75 

.9659 

.2588 

3.7321 

16 

.2756 

.9613 

.2867 

46 

.7193 

.6947 

1.0355 

76 

.9703 

.2419 

4.0108 

17 

.2924 

.9563 

.3057 

47 

.7314 

.6820 

1.0724 

77 

.9744 

.2250 

4.3315 

18 

.3090 

.9511 

.3249 

48 

.7431 

.6691 

1.1106 

7B 

.9781 

.2079 

4.7046 

19 

.3256 

.9455 

.3443 

49 

.7547 

.6561 

1.1504 

79 

.9816 

.1908 

5.1446 

20 

.3420 

.9397 

.3640 

50 

.7660 

.6428 

1.1918 

80 

.9848 

.1736 

5.6713 

21 

.3584 

.9336 

.3839 

51 

.7771 

.6293 

1.2349 

81 

.9877 

.1564 

6.3138 

22 

.3746 

.9272 

.4040 

52 

.7880 

.6157 

1.2799 

82 

.9903 

.1392 

7.1154 

23 

.3907 

9205 

.4245 

53 

.7986 

.6010 

1.3270 

83 

.9925 

.1219 

8.1443 

24 

.4067 

.9135 

.4452 

54 

.8090 

.5878 

1.3764 

84 

,9945 

.1045 

9.5144 

25 

.4226 

.9063 

.4663 

55 

.8192 

.5736 

1.4281 

85 

.9962 

.0872 

11.4301 

26 

.4384 

.B988 

.4877 

56 

.8290 

.5592 

1.4826 

86 

.9976 

.0698 

14.3007 

27 

.4540 

.8910 

.5095 

57 

.8387 

.5446 

1.5399 

87 

.9906 

.0523 

19.0811 

28 

.4695 

.8829 

.5317 

58 

.8480 

.5299 

1.6003 

88 

,9994 

.0349 

28.6363 

29 

.4848 

.B746 

.5543 

59 

.8572 

.5150 

1.6643 

89 

,9998 

.0175 

57.2900 

30 

.5000 

.8660 

.5774 

60 

.8660 

.5000 

1.7321 

90 

1.000 

.0000 

DO 


Mote: Deg = degrees of angle: Sin = sine; Cos = cosine; Tan = tangent. 
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15. Perspective Sketching 

Use the following simple tech¬ 
niques of using 10 ' cubes and lines 
at 5' with diagonals for quick per¬ 
spective sketching: 

_ a. The sketches shown on pp. 64 

& 65 show two techniques: 

The first establishes diagonal 
Vanishing Points (VP) on the 
Horizon Line (HL) at certain distances from the 
VPs, also on the HL. 10' cubes are established by pro¬ 
jecting diagonals to the VPs. The second technique 
has 10' cubes and lines at the 5' half-points. Diago¬ 
nals through the half-points continue the 5' and 10' 
module to the VPs. The vertical 5' roughly equals eye 
level, and establishes the HL. Half of 5' or 2.5' is a 
module for furniture height and width. 

_ b. The sketch shown on p. 65 illustrates the most com¬ 
mon way people view buildings. That is, close up, at 
almost a one-point perspective. To produce small 
sketches, set right vertical measure at 14" apart. Then, 
about IOV 2 " to left, set vertical measure at 3 /s" apart. 
This will produce a small sketch to fit on 8/2 x 11 
paper. Larger sketches can be done using these pro¬ 
portions. 
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PERSPECTIVE. frKSTCHSNS 


VP-1 


09 


'l?-l 



THREE P0INT 


NOTE: SEE 
PAGE 63 
FOR BEGINNING 
EXPLANATION 


VP-J 


6KFTGH AN EQUILATERAL TRI¬ 
ANGLE. VP-1, VP-2, 4 VP-?>. 6£f 
PP'<7 HALFWAY ALONG EA. CP 
-TW66& UN£6>. A£LECT,A NEAR 
THE CENTER OF TRIANGLE, 
PPAW A TP VP-2 ^ EYEBALL 
ip'length ae>. f INI ah ip' 
CueE /a BY CONNECTING 
CORNERS- TO PP* To GET 
OPPOSITE CORNER6. PROJECT 
CORNERS- TO VfA TO GET 
■eiDEG- 4 60 ON, THE 6KE1CH 

6H0WN, lA GREATLY EXAGGER¬ 
ATED 4 AAN BE APJVATSP 
BY A larger triangle. 



ESTABLISH A PP ON 
WHLA DISTANCE 
“X" EJVUALTOTHE 
PITTANCE FROM The 

eye to rnepp, then 

CONNECT A To THE 
PP gSTABUSHING- 
f&iNT g>, lo 1 I3ACIC. 
THE, FACE OF THE 
CUBE AT THE PP 

is eYeballep. 



ft 


x 


♦ io 1 

?? 

tw^ / 

5 ' 

♦5 



EYEBALL first 
S' AMP THEN 
PROJECT PIALON- 
AL6 TO CREATE 
lO'CHBEAS WITH 
6' HALF LINES’. 
THE VERT 9 ? I S’ 
AT EYE LEVEL, 


TW£ flglNT 


EYEBALL LVP 4 PVP ANP THEN PP, ALL ON THE HL, 
CONNECT A TO PP. EYEBALL FI RAT IP' ON LINE A&. 
CONNECT & TO LVP. THE INTERSECTION ESTABLISH- 


£G> Point 6, 10‘ RACE-, 4 GooN- 
“2 F> PiAGONAIW? CAN AUSp 66 USEP BY EY6BALLING- 
THE FI EAT 
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frEOHSTKY Q F AREA 

ap&k&viation^ 

9.- l£N£TH ToP 

to=ri£N6iw oF&^ec IT — 3.1416 

h=f£.KP£MOICULAR HEI6KT 
r=LEH6--m <?F £APll>b 



ctRa.e. 

AREA * IT x r* 2 - 

KECTANfi-LE. 

AREA* b x b 



PAKALLELOfrKAM 

A^EA = bxh 



TfclANfiLE. 

AREA * ^2* bx b 

TRAPEZdlP 

AREA s Ca- + b) x h 


Z 
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6E0M£TXY Of VOLUME. 


A&I2>REVIATI£N^ 
b-e>f?EAirrvi or %>&&£. 
h= fWEJvJPICOLAR HBi6HT 
| = l£W6TVi 0E feA^E 
r = La^&TM (5P RAt?IU£> 


IT* 3.1416 


7^ AREA = b x ft ¥ 


->1 



ZJT A^BA« 











b* h * l 


cue>& 


PPI^M 


' AREA* 


pykamip 

b x h v l 


CYU1M&BR. 

AP£A = 1Txr i v I 


AREA 


AREA = 


SPHERE 

4 *TTx r* 


tt x r 1 x y? 


coh e. 


3 
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PtROPEIZTIE .5 OF THE CIRCLE 



Circumference = &'2S3i3 r = 3,|4i< 6 d 
Pidmafer - 0.3IS3I circumference 
Area = 3.141 & r 1 

Are a =Tggf 3 0.017465 r A" 

Angle 4° = -^r = S72352*, f 

Radio 5r = 

Chord e - 2 VZbi— o’ 1 =2 rsin 
Ki6e b = r-'/t V4r a -c l » TOn A 
= Zrsin*-^ = r+g - \Zr4"-x* 
if = te - r+ r 2 -- x* 


X - N/r*- Cr+g- b)e 

Piameferof circle of equal periphery as square a 1.2732f side of square 
Side of square of equal periphery as circle — 0.78540 diameter oP circle 
Piaunefer of circle circumscribed about square =s L4J42J side of square, 
SKde of square inscribed in circle = 0.70711 diameier of circle. 


circular zecrot*. 



)r 3 iradiue* of circle ,y - Angle ncp *in deqreflS» 
Atm op Sector report i/^Genqib of aur nopxr) 

= Area, of Circle x^ 

» 0.0067266 xr z xy 



r= radius of circle x *» chord b- rise 

Area.of 5eqment nop - Area of Sec,+o r nepo -HrttA.of 4m»qle- nep 

_ CLewgfb ufgrc no p x rl - x fr - b) 

2 

Area of Ssjment nsp = Area of Circle - Area of ftqroeof nop 
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H. BUILDING LAWS 


1. Zoning (l?) (57) 

Zoning laws vary from city to city. The following checklist is 
typical of items in a zoning ordinance: 

_ a. Zone 

_ b. Allowable use 

_ c. Prohibited uses or special-use permit 

_ d. Restrictions on operation of facility 

_ e. Minimum lot size 

_ f. Maximum building coverage 

_ g. Floor area ratio 

_ h. Setbacks for landscaping 

_ i. Building setbacks: front, side, street, rear 

_ j. Required open space 

_ k. Maximum allowable height 

_ /. Restrictions due to adjacent zone(s) 

_ m. Required parking 

_ n. Required loading zone 

_ o. Parking layout restrictions 

_ p. Landscape requirements 

_ q. Environmental impact statements 

_ r. Signage 

_ s. Site plan review 

_ t. “Design review” 

_ u. Special submittals required for approval and/or 

hearings: 

_ (1) Fees 

_ (2) Applications 

_ (3) Drawings 

_ (4) Color presentations 

_ (5) Sample boards 

_ (6) List of adjacent land owners 

_ (7) Other 

_ v. Although not part of the zoning ordinance, private 

covenants, conditions, and restrictions (CC&Rs) 
that “run” with the land should be checked. 

_ w. Other 
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2. Code Requirements for Residential Construction [36) 

(2000 International Residential Code [IRC]) 

Use the following checklist for residences. The IRC applies 
to one- and two-family dwellings and multiple single-family 
dwellings (townhouses) not more than three stories in 
height with a separate means of egress, and their accessory 
structures. 

_ a. Location on lot 

_ (1) Openings must be 3' from property line. 

_ (2) Walls less than 3' must be 1-hour construc¬ 
tion. 

_ (3) Windows not allowed in exterior walls with 

a fire separation distance of less than 3' to 
the closest interior lot line (usually with 
parapet). 

_ b. Separation between abutting dwelling units must be 

a minimum of 1-hour construction (!A hour, if sprin- 
klered). 

_ c. Windows and ventilation 

_ (1) Habitable rooms must have natural light 

and ventilation by exterior windows with 
area of at least 8% of floor area and 4% 
must be openable. 

_ (2) Bath and laundry-type rooms must have 

ventilation by operable exterior windows 
with area of not less than 3 SF (M to be 
openable). 

_ (3) In lieu of natural ventilation and light, 

mechanical ventilation and artificial light¬ 
ing may be used. 

_ (4) Any room may be considered as a portion 

of an adjoining room when at least 'A of area 
of the common wall is open and provides an 
opening of at least Vw of floor area of inte¬ 
rior room, but not less than 25 SF. 

_ d. Room dimensions 

_ (1) At least one room shall have at least 120 SF. 

_ (2) Other habitable rooms, except kitchens, 

shall have at least 70 SF. 

_ (3) Kitchens shall be 50 SF, min. 

_(4) Habitable rooms shall be 7'-0" min. in any 

direction. 

_ e. Ceiling heights 

_ (1) 7'-0" min. 
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_ (2) Where exposed beams not less than 4' 

apart, bottoms may be at 6'-6". 

_ (3) Basements, 6'-8" min. (6'-4" to obstructions). 

_ (4) At sloped ceilings, the min. ceiling height is 

required at only 'A the area, but never less 
than 5' height. 

f. Sanitation 

_ (1) Every dwelling unit (DU) shall have a 

kitchen with a sink. 

_ (2) Every DU shall have a bath with a WC, 

lavatory, bathtub, or shower. 

_ (3) Every sink, lavatory, bathtub, or shower 

shall have hot and cold running water. 

g. Fire warning system (smoke alarms) 

_ (1) Each dwelling must have smoke detectors 

in each sleeping room and the corridor to 
sleeping rooms, at each story (close proxim¬ 
ity to stairways), and basement. 

_ (2) In new construction, smoke detectors are to 

be powered by building wiring but equipped 
with backup battery. 

_(3) If there are additions or alterations (partic¬ 
ularly sleeping rooms being added), the 
entire building shall have smoke detectors. 

_ (4) In existing buildings, smoke detectors may 

be solely battery-operated. 

h. Exits 

_ (1) Doors 

_ (a) At least one entry door shall be 3' 

wide by 6'-8" high. 

_ ( b ) There must be a floor or landing at 

each side of each door, not more 
than 1.5" below door. 

_ (c) At exterior, doors may open at the 

top step; if door swings away from 
step and step or landing is not lower 
than 8", the landing must be the 
width of stair or door and 36" deep. 

_ (2) Emergency exits 

_ (a) Sleeping rooms and basements 

with habitable space shall have at 
least one door or operable window. 

_ (b) The window shall be operable from 

the inside and have a minimum 
clear opening of 5 SF at grade or 
5.7 SF (24" high min., 20" wide 
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min.) and sill shall not be higher 
than 44" above floor. 

_ (c) Bars, grilles, or grates may be 

installed provided they are opera¬ 
ble from inside. 

_ ( d ) Windows, below grade, shall have a 

window well. The window shall be 9 
SF clear opening, min., and 36" min. 
dimension. When the well is deeper 
than 44", must provide ladder or 
steps. 

i. Stairs 

_ (1) Min. width = 36" 

_ (2) Max. rise: T/" 

_(3) Min. run (tread): 10" 

_ (4) Variation in treads and risers = W max. 

_ (5) Winders: require 10"-wide tread at 12" out 

from narrow side, but never less than 6" 
width at any point. 

_(6) Spiral stairs to have 26" min. clear width. 

Tread at 12" from center to be 1A”. Max. 
riser = 9A". Min. headroom = 6'-6". 

_ (7) Handrails 

_ (a) At least one, at open side, continu¬ 
ous, and terminations to posts or 
walls 

_ ( b ) Height: 34" to 38" above tread nos¬ 
ing 

_ (c) Clearance from walls: 1 A" 

_ ( d ) Width of grip: V/" to 2 S A" 

_ (8) Headroom: 6'-8" min. 

_ (9) Guardrails at floor or roof openings, more 

than 30" above grade. Height = 36" min. If 
open, submembers must be spaced so a 4" 
dia. sphere cannot pass through. 

j. Garages and carports 

_(1) Must separate from DU (dwelling unit) 

with A" gypboard on garage side and VA" SC 
wood or 20 min. doors. 

_ (2) No openings to sleeping areas allowed. 

_ (3) Carports (open on at least two sides) do not 

apply (for above). 

_ (4) Floors must slope to garage door opening. 

k. Fireplaces: See p. 438. 

/. Glazing: See p. 408. 

m. Electrical: See p. 613. 
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n. Residential Accessibility (per IBC [see p. 143] and 

ADA [ANSI]): 

_ (1) Facilities not required to be accessible: 

_ (a) Detached 1- and 2-story DU (this 

section). 

_ ( b ) R-l (boarding houses and hotels, 

occupancies with not more than 5 
rooms for rent. 

_ (c) R-2 and -3 (apartments and resi¬ 
dential care homes) with 3 or fewer 
DU in a building. 

_ ( d ) Existing residential buildings. 

_ (e) Where unfeasible due to steep 

grade (see IBC). 

_ (2) Facilities required to be accessible: 

_ (a) Types of accessible units (see ANSI): 

_ Type A are to be fully accessible. 

_ Type B are to be minimally 

accessible. 

_ ( b ) Scoping: 

_ Occupancies R-2 and -3 with 

more than 5 DUs, every DU to 
be Type B, except: 

_ R-2 with more than 20 DU: 

20% (but at least one) to be 
Type A. Where no elevator, 
need only be on ground floor. 
Must have 20% of ground floor 
DUs as Type B. 

_ Sleeping accommodations (for 

all R, not exempted): 


Accessible units 

Total units 

1 

1-25 

2 

26-50 

4 

51-75 

5 

76-100 

7 

101-150 

8 

151-200 

10 

201-300 

12 

301-400 

13 

401-500 

3% 

501-1000 

30 + 2 for ea 100 
over 1000 

over 1000 







NOTE 


i 





















: 








t ! i 


























































































.j 



















i 

_ 




.. 



i 

. 








f.. 








... 



."i 

. 

I 

















— 

. 






































....... 



.. 















...,. . 








. .. J. 





1 

i 




J 

..«4 

.,.,J 


















1 















*.... 





... 


















. 


. 




















. 










.. 


































































... 

. .... 


















1 





























s 

1 
















i | 















I I 

.i.1.. i 






















. 































































































































































































































NOTE 


i 





















: 








t ! i 


























































































.j 



















i 

_ 




.. 



i 

. 








f.. 








... 



."i 

. 

I 

















— 

. 






































....... 



.. 















...,. . 








. .. J. 





1 

i 




J 

..«4 

.,.,J 


















1 















*.... 





... 


















. 


. 




















. 










.. 


































































... 

. .... 


















1 





























s 

1 
















i | 















I I 

.i. 1.. i 






















. 





























































































































































































































Building Laws 89 



The new 2009 International Building Code (IBC) has been 
used for this part. Configuring a building that meets fire 
safety code requirements is one of the architect’s primary 
responsibilities.This handbook uses the IBC as a guide (with 
NFPA differences noted). 

Steps in preliminary code check are: 

_ a. Establish occupant load. 

_ b. Determine occupancy classification. Also see App. 

A, item A. 

_ c. Determine allowable area. 

_ d. Determine allowable height. 

_ e. Determine construction type. 

_ f. Determine hourly ratings of construction compo¬ 
nents for construction type. 

_ g. Determine required occupancy separations. 

_ h. Determine sprinkler requirements. 

_ i. Determine if area separation walls are needed. 

_ j. Determine if exterior walls and windows have 

adequate fire protection. 

_ k. Check exiting. 

_ l. Other. 

_ a. Occupant Load: Determining the occupant load 

from IBC Table A (p. 110), in some cases, will help 
determine the occupancy classification. When start¬ 
ing a project, a listing of architectural program areas 
by name, along with their floor area, occupant clas¬ 
sification, and occupant load, should be compiled. 
Total the occupant load to help determine the final 
overall occupancy classification and for design of 
the exiting. The occupancy load can always be 
increased, provided the design of the building fol¬ 
lows suit. 

_ b. Occupancy Classification: The building code classi¬ 
fies buildings by occupancy in order to group similar 
life-safety problems together. Table B (p. 112) pro¬ 
vides a concise definition of all occupancy classifi¬ 
cations. In some cases, refer to the code for more 
detail. 

_ c. Allowable Floor Area: Table C on p. 116 coordinates 

the level of fire hazard (occupancy classification) to 
the required fire resistance (allowable construction 
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type) by defining the allowable area for a one-story 
building. High-hazard occupancies (such as large 
assembly) can be built only out of the most fire- 
resistant construction types. A lower-risk occu¬ 
pancy (such as a small office or a residence) can be 
built using any of the construction types. The allow¬ 
able construction types are listed from left to right 
in approximately decreasing order of fire safety 
and construction cost. Thus choosing a construction 
type as far to the right as possible will provide the 
least expensive construction for the type of occu¬ 
pancy in question. Another way to reduce costs is 
to compartmentalize, per p. 97, thus creating two 
less expensive buildings with a fire wall between. 

The floor area of a single basement need not be 
considered in the calculation of a building’s total 
area, provided the area of the basement does not 
exceed that permitted for a one-story building. 

_ (1) Area Increases: 

_ (a) Sprinkler: Allowable areas in Table 

B may be increased by adding auto¬ 
matic sprinklers, as follows: 

_ For one-story buildings: 300% 

increase (Is = 300%). 

_ For multistory buildings: 200% 

increase (Is = 200%). 

_ ( b ) Frontage: Allowable areas (except 

H-l, -2, or -3) can be further in¬ 
creased by keeping the building away 
from property lines and other build¬ 
ings (a property line is usually as¬ 
sumed halfway between two buildings 
for the purposes of yard separation), 
or by facing on a wide street. Since 
this is a credit for enabling fire truck 
access (as well as for distance from 
fires at other buildings) these yard 
widths may have to be measured 
from the edge of roof overhangs. 

This increase is allowed only when 
25% (or more) of the building’s 
perimeter adjoins an open space of 
20 ' (or more) width. Increase for 
frontage is calculated by: 

If = 100 [F/P - 0.25] W/30 
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Where: I f = % area increase 

F = perimeter of building 
which fronts on min. 
20'-wide open space 
P = perimeter of building 
W = min. width of open 
space (must be at 
least 20') W/30 must 
not exceed 1 (or 2 in 
some cases) 

For rough planning, use the fol¬ 
lowing table of approximations: 


Open 

perimeter 

Yard 

width 

Area 

increase 

50% 

20' 

16.5% 

50% 

30' 

25% 

75% 

20' 

33.3% 

75% 

30' 

50% 

100% 

20' 

50% 

100% 

30' 

75% max. 


(c) Area of increase for both frontaee 
and sprinkler is then calculated: 


A„ = A,+ 


A, If + A, I s 
100 100 


Where: A a = adjusted allowable 
area per floor, in SF 
A, = area per floor per 
Table B 

If = from preceding 
formula 

I s = increase due to sprin¬ 
klers, per (a), above 

(d) Unlimited area buildings and other 
area increases: 

_ (?) Unlimited area Buildings 

permitted under the fol¬ 
lowing conditions: 

_ One-story F-2 or S-2 

with min. 60' yard of 
any construction type. 

_ One-story sprinklered 

Groups A-4, B, F, M, or 













The Architect’s Portable Handbook 


S with 60' yard (sprin¬ 
klers may be omitted 
from participant areas 
of A-4 under specific 
conditions). 

_ Two-story sprinklered 

B, F, M, or S uses with 
min. 60' yards. 

(ii) Reduction of 60' open 
space down to 40' permit¬ 
ted where: 

_ Reduction applies to 

^75% of building pe¬ 
rimeter. 

_ Exterior walls at re¬ 
duced open space to be 
min. 3 hours. 

_ Openings in wall at 

reduced open space to 
be protected 3 hours. 

(Hi) In Groups F and S, fire 
areas of FI-2, FI-3, and FI-4 
permitted up to 10% of 
floor area where located 
at building perimeter, but 
not to exceed areas based 
on Table C plus frontage 
increases. 

_ Such fire areas not 

located at perimeter only 
permitted up to 25% of area 
limitations of Table C. 

( iv ) Group E occupancies may 
be unlimited in area where: 
_ One story. 

_ Type II, IIIA, or IV 

construction. 

_ Each classroom to have 

two means of egress, with 
at least one to outside. 

_ Sprinklered. 

_ 60' yards. 

(v) Motion picture theaters may 
be unlimited in area where: 
_ One story. 
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_ Type I or II construc¬ 
tion. 

_ Sprinklered. 

_ 60' yards. 

_ (2) Compartmentin e: A building may be split 

into compartments (or “fire areas”) creating 
one or more smaller separate buildings. This 
is done by fire walls which, in most cases, 
must extend 18" beyond exterior walls and 
from the foundation to 30" above the roof. 

d. Allowable Building Height: Table C specifies the 
maximum number of stories that can be built in a 
particular construction type. By credit for sprinklers, 
height may be increased as follows: 

_ (1) Group R occupancies protected with resi¬ 
dential-type sprinklers are allowed height 
increase of 1 story and 20' permitted up to a 
limit of 4 stories or 60'. 

_ (2) All other sprinklered occupancies, height 

values in Table C permitted to be increased 
by 1 story and 20'. 

_ (3) Height increases for sprinklered buildings 

are in addition to the area increases 
(except for 1-2 [of Type II-B, III, IV, or V 
construction] and Group H-l, -2, -3, or -5 
occupancies). 

e. Construction Type: Based on the preceding, you can 
now select the construction type. Construction types 
are based on whether or not the building construc¬ 
tion materials are combustible or noncombustible, 
and on the number of hours that a wall, column, 
beam, floor, or other structural element can resist 
fire. Wood is an example of a material that is com¬ 
bustible. Steel and concrete are examples of noncom¬ 
bustible materials. Steel, however, will lose structural 
strength as it begins to soften in the heat of a fire. 
Therefore fire proofing is required for steel members 
for a fire rating. 

There are two ways that construction can be resistant 
to fire. First it can be fire-resistive —built of a monolithic, 
noncombustible material like concrete or masonry. 
Second, it can be protected —encased in a noncom¬ 
bustible material such as steel columns or wood 
studs covered with gypsum plaster, wallboard, etc. 
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The following are the construction types per the 
IBC: 

_ Type I and Type II ( fire-resistive ) construction is 

noncombustible, built from concrete, masonry, 
and/or encased steel, and is used when substan¬ 
tial hourly ratings (2 to 3 hours) are required. 

_ Type II-B construction is of the same materials 

as already mentioned, but the hourly ratings are 
lower. Light steel framing would fit into this cat¬ 
egory. 

_ Type III-A, IV, V-A construction has noncom¬ 
bustible exterior walls of masonry or concrete, 
and interior construction of any allowable 
material including wood. 

_ Type TV construction is combustible heavy tim¬ 
ber framing, ft achieves its rating from the 
large size of the timber (2" to 3'' thickness, 
min., actual). The outer surface chars, creating 
a fire-resistant layer that protects the remain¬ 
ing wood. Exterior walls must be of noncom¬ 
bustible materials. 

_ Type V-B construction is of light wood framing. 

Note: As the type number goes up, the cost of con¬ 
struction goes down, so generally use the lowest 
construction type (highest number) the code allows. 
IBC I II III IV V 

A B A B A B — A B 

f. Hourly Ratings: See Table D for specific require¬ 
ments of each construction type. See p. 120 on how 
to achieve these ratings. 

g. Occupancy Separations: For hourly ratings, these 
are determined from Table E. Most buildings will 
have some mix of occupancies. If one of the occu¬ 
pancies is a minor area and subservient to the major 
one, the whole building can often be classified by 
the major occupancy. It will then have to meet the 
requirements of the more restrictive occupancy, but 
no separating walls will be necessary. 

h. Sprinkler Requirements: A sprinkler system can be 
used to substitute for 1-hour construction if it is not 
otherwise required by the code and is not used for 
area or height increases. However, in most cases, 
exit access corridors, exit stairs, shafts, area separa¬ 
tion walls and similar structures must maintain their 
required fire protection. 
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A sprinkler system is the most effective way to 
provide life and fire safety in a building. The 1BC 
requires fire sprinklers in the following situations: 
_ Assembly occupancies: Sprinklers to be pro¬ 
vided throughout Group A areas as well as all 
floors between Group A and level of exit dis¬ 
charge, where: 

_ A-l uses exceeding 12,000 SF, or occupant 

load > 300. 

_ A-2 uses where fire area exceeds 5000 SF, or 

occupant load > 300. 

_ A-3 uses where fire area exceeds 12,000 SF 

or occupant load > 300. 

_ A-4 same as A-3, with exemption for partici¬ 
pant sports areas where main floor located at 
level exit discharge of main entrance and exit. 

_ A-5 concession stands, retail areas, press boxes, 

and other accessory use areas > 1000 SF. 

_ Educational occupancies, where floor area ex¬ 
ceeds 20,000 SF or schools below exit discharge 
level, except where each classroom has one exit 
door at ground level. 

_ Commercial and industrial uses: 

_ Groups F-l and S-l where their fire areas > 

12,000 SF, or where > 3 stories, or where > 
24,000 SF total of all floors. 

_ Repair garages under the following condi¬ 
tions: 

_ Buildings > 2 stories, including base¬ 
ments where fire area > 10,000 SF. 

_ Buildings of one story where fire area > 

12,000 SF. 

_ Buildings with repair garage in basement. 

_ S-2 enclosed parking garage, unless located 

under Group R-3. 

_ Buildings used for storage of commercial 

trucks or buses where fire area exceeds 
5000 SF. 

_ Hazardous (H) occupancies. 

_ Institutional (I) occupancies. 

_ Mercantile (M) occupancies where: 

_ Fire area > 12,000 SF. 

_ More than 3 stories high. 

_ Total fire area on all floors (including mez¬ 
zanines) > 24,000 SF. 
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_ Residential occupancies: 

_ R-l hotel uses, regardless of number of sto¬ 
ries or guest rooms (except motels where 
guest rooms not more than 3 stories above 
lowest level of exit discharge and each guest 
room has at least one door direct to exterior 
egress). 

_ R-2 apartment house, congregate residence 

uses more than 2 stories in height, including 
basements, or having more than 16 DUs per 
fire area. 

_ R-4 residential care or assisted living facili¬ 
ties having more than 8 occupants per fire 
area. 

_ All occupancies without sufficient fire depart¬ 
ment access through outside wall at basement or 
floor in excess of 1500 SF (Group R-3 and 
Group U excluded). Sufficient access is 20 SF 
of openings with a minimum dimension of 30" 
per 50 LF of wall. If these openings are on only 
one side, the floor dimension cannot exceed 75' 
from the opening. Furthermore, sprinklers are 
required in buildings with a floor level that is 
located 55' above the lowest level of fire truck 
access (excluding airport control towers, open 
parking garages, and F-2 occupancies). 

_ Miscellaneous: Rubbish and linen chutes; 

nitrate film storerooms; and combustible-fiber 
storage vaults, atriums, and stages. 

See p. 521 for sprinkler installations. 
i. Fire Areas. Walls. Barriers, and Partitions: 

_ Fire Areas: Create separate compartments that 

are enclosed by fire-resistance-rated elements. 
These compartments may be due to occupancy 
separations (per g, above), or may be chosen by 
the architect to obtain greater building size 
(where each compartment is a separate building). 

_ Fire-Resistance-Rated-Elements: 

_ Fire Walls: A rated wall (to enclose fire 

areas) with protected openings that extends 
continuously from foundation to or through 
roof (with some exceptions). A collapse 
from fire on one side will not allow collapse 
on the other. Used for fire compartments to 
allow larger buildings. See c (2), above. See 
Table F for required ratings of fire walls. 
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_ Fire Barriers: A rated wall used for required 

occupancy separations (see Table E). Note 
that the rating can be reduced 1 hour 
(except H and 1-2 occupancies) when a 
sprinkler system is used (even if sprinkler is 
required). Also used to enclose vertical exit 
enclosures, exit passageways, horizontal 
exits, and incidental use areas. Floors that 
support barriers must be of the same rating 
(except for some incidental use separa¬ 
tions). If building is sprinklered, there is no 
limit on openings or fire doors; otherwise, 
the openings are limited to 25% of the 
length of wall (a single opening is limited to 
120 SF).This also applies to fire walls. Open¬ 
ings must be rated per Table G on page 130. 

_ Fire Partitions: 

_ One-hour rated walls for: 

_ Protected corridors, where re¬ 
quired by Table H (see p. 131). 

_ Separate dwelling units (DUs). 

_ Separating guest rooms in R-l. 

_ Separating tenant spaces in covered 

malls. 

_ Half-hour-rated walls in sprinklered 

buildings for: 

_ Construction Types II-B, III-B, or 

V-B. 

_ Separations of dwelling units or 

guest rooms. 

_ Floors supporting partition must be of 

same rating (except for 14-hour-rated 
walls). 

_ Openings must be 20 minutes for corri¬ 
dor walls and 45 minutes for others. 
j. Fire Protection of Exterior Walls and Windows: This 
is a function of location of the building on the prop¬ 
erty and the occupancy type. See Table I, p. 122. As 
buildings get closer together, or closer to a property 
line, the requirements becomes more restrictive. 
See Table I (p. 122) for allowable area openings. 
Where both protected and unprotected openings 
are used, the total of openings must not exceed: 

A A u 


a. 


< 1.0 
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Where: A = actual area of protected opening 

a = allowable area of protected opening 
A u = actual area of unprotected opening 
a u = allowable area of unprotected opening 
See Table G (p. 130) for where openings are required 
to be protected. 

k. Exiting and Stairs: At the conceptual stage of archi¬ 
tectural design, the most important aspects of the 
building code requirements are the number and dis¬ 
tribution of exits. 



Exit W/MKWAY 


EXIT ACCESS, EXIT 
As© EXIT PfcCHAME 
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A means of egress is a continuous path of travel 
from any point in a building or structure to the open 
air outside at ground level (public way). It consists 
of three separate and distinct parts: 

_ 1. Exit access 

_ 2. The exit 

_ 3. The exit discharge 

The exit access leads to an exit. See Tables M and 
N, where only one is required; otherwise a minimum 
of two exits are almost always required. Other gen¬ 
eral requirements: 

_ 1. Exit width determined by Table J, p. 132, but 

corridor width is usually no less than 44". It 
can be 36" for fewer than 51 people. School 
corridors must be 6' wide. Hospitals 8' wide. 
Large residential care homes, 5' wide. 
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2. Dead-end corridors are usually limited to 20' 
long (in some cases 50' to 75'). 

3. When more than one exit is required, the 
occupant should be able to go toward either 
exit from any point in the corridor system. 

4. Corridors used for exit access usually require 
1-hour construction. 

5. Maximum travel distance from any point to 
an exit is per Table L on p. 133. 

6. Handrails or fully open doors cannot extend 
more than 7" into the corridor. 

7. Doors at their worst extension into the corri¬ 
dor cannot obstruct the required width by 
more than half. 



VJ1PTH OF 



The exit is that portion of a means of egress that is 
separated from the area of the building from which 
escape is made, by walls, floors, doors, or other 
means that provide the protected path necessary for 
the occupants to proceed with safety to a public 
space. The most common form the exit takes is an 
enclosed stairway. In a single-story building the exit 
is the door opening to the outside. 
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After determining occupant load (Table A, p. 110) 

for spaces, rooms, floors, etc., use the following 

guidelines: 

_ 1. In some cases one exit can be used (see 

above), but often buildings need two exits 
(see Table K, p. 129). In more than one story, 
stairs become part of an exit. Elevators are 
not exits. 

_ 2. In buildings 4 stories and higher and in 

types I and II-B construction, the exit stairs 
are required to have 2-hour enclosure; other¬ 
wise, 1 hour is acceptable. 

_ 3. When two exits are required (for unsprin- 

klered buildings), they have to be separated 
by a distance equal to half the diagonal 
dimension of the floor and/or room the exits 
are serving (measured in straight lines). See 
sketch below. If the building is sprinklered, 
the minimum separation is 14 rd. 

_ 4. Where more than two exits are required, 

two of them need to be separated by at least 
half the diagonal dimension. The others are 
spaced to provide good access from any 
direction. 

_ 5. May exit from room through adjoining 

rooms (except rooms that are accessory 
or high-hazard occupancy), provided ad¬ 
joining rooms (other than DUs) are not 
kitchens, storerooms, toilets, closets, etc. 
Foyers, lobbies, and reception rooms are 
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not considered adjoining rooms and can 
always be exited through. 

_ 6. The total exit width required (in inches) is 

determined by multiplying the occupant 
load by the factors shown in Table J (p. 132). 
This width should be divided equally among 
the required number of exits. 

_ 7. Total occupant load for calculating exit stair 

width is defined as the sum of the occupant 
load on the floor in question. The maximum 
exit stair width calculated is maintained for 
the entire exit. See sketch on p. 104. 

_ 8. Minimum exit door width is 36" with 32" 

clear opening. Maximum door width is 48". 

_ 9. The width of exit stairs, and the width of 

landings between flights of stairs, must all be 
the same and must meet the minimum exit 
stair width requirements as calculated or: 

44" min. width for an occupant load of 51 or 
more 

36" min. width for 50 or less 

_ 10. Doors must swing in the direction of travel 

when serving a hazardous area or when 
serving an occupant load of 50 or more. 

A horizontal exit is a way of passage through a 2- 
hour fire wall into another area of the same building 
or into a different building that will provide refuge 
from smoke and fire. Horizontal exits cannot pro¬ 
vide more than half of the required exit capacity, 
and any such exit must discharge into an area capa¬ 
ble of holding the occupant capacity of the exit. The 
area is calculated at 3 SF/occupant. In institutional 
occupancies the area needed is 15 SF/ambulatory 
person and 30 SF/nonambulatory person. 

Exit discharge is that portion of a means of egress 
between the termination of an exit and a public way. 
The most common form this takes is the door out of 
an exit stairway opening onto a public street. Exits 
can discharge through a courtyard with 1-hour walls 
that connect the exit with a public way. 50% of the 
exits can discharge through a street floor lobby area 
if the entire street floor is sprinklered, the path 
through the lobby is unobstructed and obvious, and 
the level of discharge is separated from floors below. 
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Smokeproof enclosures for exits are required in 
any building with floors 75' above (or 30' below) the 
lowest ground level where fire trucks have access. A 
smokeproof enclosure is an exit stair that is entered 
through a vestibule that is ventilated by either nat¬ 
ural or mechanical means such that products of 
combustion from a fire will be limited in their pene¬ 
tration of the exit-stair enclosure. Smokeproof 
enclosures are required to be 2-hour construction. 
They must discharge directly to the outside or 
directly through a 2-hour exit passageway to the 
outside. In a sprinklered building, mechanically 
pressurized and vented stairways can be substituted 
for smokeproof enclosures. 
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NATURAL 
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Code Requirements for Stairs 


Code requirements 

Riser 

Tread min. Min. Max. 

Min. width 

Headroom 

General (including HC) 

11" 4" 7" 

36" 

6-8" 

Private stairways (occ. <10) 

Winding—min. required T at 12" from narrow side* 

9" 8" 

6" at any pt. 

20" 

6-8" 

Spiral—at 12" from column* 

TA” 

26" 



Only permitted in R-3 dwellings and R-l private apartments* 

Circular: inside radius not less than 2x width of stair, min.T depth = 11" @ 12" from inside and 10" @ inside, 36" 
min. width. 

Rules of thumb for general stairs: 

Interior 2R + T = 25 
Exterior 2R + T = 26 

Open risers not permitted in most situations. 


’Requires handrail. 
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Code Requirements for Ramp Slopes 


Type 

Max. slope 

Max. rise 

Max. run 

Required for accessibility 

1:12* 

5' 


Others 

1:8* 

5' 


Assembly with fixed seats 

1:5 



HC, new facilities 

1:12* 

2.5' 

30' 

HC, existing facilities 

1:10* 

6" 

5' 


1:8* 

3" 

2' 

HC, curb ramps 

1:10 

6" 

5' 

Historic buildings 

1:6 



Any walking surface steeper than 5% is a ramp. 


Landings are to be as wide 

as widest ramp to landing. Depth to be 5' 

min. Where landing is at a corner, it shall be 5' 

x 5' min. 



*Requires handrails for ramps > 1:15. 
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TABUS. A © 


TABLE 1004.1.1 

MAXIMUM FLOOR AREA ALLOWANCES PER OCCUPANT 


FUNCTION OF SPACE 

FLOOR AREA IN SQ. 
FT. PER OCCUPANT 

Accessory storage areas, mechanical 
equipment room 

300 gross 

Agricultural building 

300 gross 

Aircraft hangars 

500 gross 

Airport terminal 

Baggage claim 

20 gross 

Baggage handling 

300 gross 

Concourse 

100 gross 

Waiting areas 

15 gross 

Assembly 

Gaming floors (keno, slots, etc.) 

11 gross 

Assembly with fixed seats 

See Section 1004.7 

Assembly without fixed seats 

Concentrated (chairs only—not fixed) 

7 net 

Standing space 

5 net 

Unconcentrated (tables and chairs) 

15 net 

Bowling centers, allow 5 persons for each 
lane including 15 feet of runway, and for 
additional areas 

7 net 

Business areas 

100 gross 

Courtrooms—other than fixed seating areas 

40 net 

Day care 

35 net 

Dormitories 

50 gross 


(continued) 


no 

















34) 2009 INTERNATIONAL BUILDING CODE® 


TABLE 1004.1,1, (continued) 

MAXIMUM FLOOR AREA ALLOWANCES PER OCCUPANT 


FUNCTION OF SPACE 

FLOOR AREA IN SO. 
FT. PER OCCUPANT 

Educational 

Classroom area 

Shops and other vocational room areas 

20 net 

50 net 

Exercise rooms 

50 gross 

H-5 Fabrication and manufacturing areas 

200 gross 

Industrial areas 

100 gross 

Institutional areas 

Inpatient treatment areas 

Outpatient areas 

Sleeping areas 

240 gross 

100 gross 

120 gross 

Kitchens, commercial 

200 gross 

Library 

Reading rooms 

Stack area 

50 net 

100 gross 

Locker rooms 

50 gross 

Mercantile 

Areas on other floors 

Basement and grade floor areas 

Storage, stock, shipping areas 

60 gross 

30 gross 

300 gross 

Parking garages 

200 gross 

Residential 

200 gross 

Skating rinks, swimming pools 

Rink and pool 

Decks 

50 gross 

15 gross 

Stages and platforms 

15 net 

Warehouses 

500 gross 


For SI: 1 square foot = 0.0929 m 2 . 


Ill 
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TABLE B (ibc 2009 ) @ 

OCCUPANCY CLASSIFICATIONS 


ASSEMBLY GROUP A: 

NOTE: A room or space used for 
assembly purposes by less than 50 
persons & accessory to another 
occupancy shall be included as part 
of that occupancy. 

A - 1 Assembly uses, usually with 
fixed seating, intended for the 
production and viewing of the 
performing arts or motion 
pictures including, but not 
limited to: 

Motion picture theaters 
Theaters 

TV & radio studios admit¬ 
ting an audience 

A-2 Assembly uses intended for 
food and/or drink consump¬ 
tion including but not limited 
to: 

Banquet halls Restaurants 
Nightclubs Taverns & bars 


A - 4 Assembly uses intended for 
viewing of indoor sporting 
events and activities with 
spectator seating, including, 
but not limited to: 

Arenas Swimming pools 
Skating rinks Tennis courts 

A - 5 Assembly uses intended for 
participation in or viewing 
outdoor activities including, 
but not limited to: 

Amusement Bleachers 

park Grandstands 

structures Stadiums 

BUSINESS GROUP B: 

Includes, among others, the use of a 
building or structure, or a portion 
thereof, for office, professional or 
service-type transactions, including 
storage of records and accounts. 
Business occupancies include, but 
not limited to: 


A-3 


Assembly uses intended for 
worship, recreation, or 
amusement and other assem¬ 
bly uses not classified else¬ 
where in Group A, including, 
but not limited to: 

Amusement Gymnasiums 
arcades Indoor swim- 

Art galleries ming pools 


Auditoriums 
Bowling alleys 
Churches 
Community 
halls 

Courtrooms 

Dance halls 

Exhibition 

halls 

Funeral 

parlors 


Indoor tennis 
courts 

Lecture halls 

Libraries 

Museums 

Passenger 

stations 

(wait areas) 

Pool and 

billiard 

parlors 


Airport traffic control towers 
Animal hospitals, kennels & pounds 
Banks 

Barber and beauty shops 
Carwash 

Civic administration 

Clinic - outpatient 

Dry cleaning & laundries (pick-up 

& delivery stations & self-serv.) 

Educ. occupancies above 12 th grade 

Electronic data processing 

Fire & police stations 

Laboratories: testing & research 

Motor vehicle showrooms 

Post offices 

Print shops 

Professional services (architects, 
attorneys, dentists, physicians, 
engineers, etc.) 

Radio & TV stations 
Telephone exchanges 
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EDUCATIONAL GROUP E: 

Includes, among others, the use of a 
building or structure, or a portion 
thereof, by six or more persons at 
any one time for educational 
purposes through the 12th grade. 
Also, for educational, supervision or 
personal care services for more than 
five children older than 2 1/2 years 
of age. 

FACTORY GROUP F: 

Includes, among others, the use of a 
building or structure, or a portion 
thereof, for assembling, dissembl¬ 
ing, fabricating, finishing, manu¬ 
facturing, packaging, repair or 
processing operations that are not 
classified as a Group H hazardous 
occupancy. 

F-1 Moderate Hazard 


Factory Industrial uses not 
classified as F-2, including, 
but not limited to: 


Aircraft 

Jute products 

Appliances 

Laundries 

Athletic equip. 

Leather products 

Automobiles and other 

Machinery 

motor vehicles 

Metals 

Bakeries 

Millwork 

Beverages (alcoholic) 

Motion picture & 

Bicycles 

TV filming 

Boats: building 

Musical instruments 

Brooms or brushes 

Optical goods 

Business machines 

Paper mill or prod. 

Cameras & photo equip. 

Photographic film 

Canvas or sim. fabric 

Plastic products 

Carpets & rugs (i n - 

Printing or publ. 

eludes cleaning) 

Recreational veh. 

Clothing 

Refuse incineration 

Const. & agri machinery 

Shoes 

Disinfectants 

Soaps & detergents 

Dry cleaning & dyeing 

Textiles 

Elect, light plants & 

Tobacco 

power houses 

Trailers 

Electronics 

Upholstering 

Engines (incl. rebuilding) 

Wood: distillation 

Food processing 

Woodworking 


Furniture (cabinet) 

Flemp products 

F-2 Low Hazard 

Factory Industrial uses that 
involve the fabrication or 
manufacturing of noncom¬ 
bustible materials which 
during finishing, packing or 
processing do not involve a 
significant fire hazard, 
including, but not limited to: 
Beverages Glass products 

(nonalcoholic) Gypsum 

Brick & masonry Ice 
Ceramic products Metal products 
Foundries (fab. & assemb.) 


HIGH-HAZARD GROUP H: 

The IBC provides a detailed and 
complicated definition of each 
classification. Usually the class¬ 
ification will have to be done by the 
Building Official, the Fire Depart¬ 
ment, or a special consultant. 
Because the H occupancies have 
become so confusing here is a very 
brief description of each: 

H - 1: Containing high explosion hazard 
materials. 

H-2: Where flammable or combustible 
liquids or dusts are being 
created, mixed, o r dispensed. 

H-3: Use of flammable or combustible 
liquids including organic per¬ 
oxides and oxidizers that present 
high fire or heat release hazards. 

H - 4: Containing health hazard mat¬ 
erials such as corrosive and 
toxic chemicals. 

H-5: Semiconductor fabrication fac¬ 
ilities. 
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INSTITUTIONAL GROUP I: 

This occupancy is where people with 
physical limitations in a medical 
setting or people with restricted 
limitations in a penal setting are 
housed. 

I - 1: Housing more than 16 
persons in a residential 
setting (R - 3 if 5 or less). 

I - 2: Medical buildings with 24 
hour care of more than 5 
people, such as hospitals, 
nursing homes, etc. (R-3 if 
less than 5 people). This 
also includes 24 hour child 
care under 2 1/ 2 years old. 
1-3: Housing more than 5 people 
i n secured conditions such as 
prisons and jails. The code 
further has 5 subconditions. 
1-4: Day carefacilities( R-3 if 5 
or less persons and E under 
certain conditions). 

MERCANTILE GROUP M: 

Buildings used for the display, sale, 
and stocking of goods such as 
department stores, drug stores, 
markets, sales rooms, retail or 
wholesale stores. This also includes 
motor vehicle service stations. 

RESIDENTIAL GROUP R: 

NOTE: Oie and two family dwellings 
are covered under the International 
Residential Code (IRC). See page 71. 
Otherwise: 

R-1: Transient lodging (under 30 
days), including hotels and 
motels. 

R-2: Three or more dwelling units 
(DUs) where occupancy is 
mainly permanent, such as 
apartments, dormitories, 

convents, fraternity, and 
sorority houses. 


R-3: Buildings containing one or two 
DUs for adult or child care of any 
age for less than 24 hours with 
not more than 5 people. 

R-4: Residential care or assisted 
living facilities, where number 
of residents is greater than 5 but 
not greater than 1 6. 

STORAGE GROUP S: 

Warehousing, subdivided as follows: 
S-1 MODERATE-HAZARD: 
Stores flammable products that 
are not classified as H. This also 
includes some car repair 
garages and aircraft hangars. 
See code for details. 

S-2 LOW-HAZARD: 

Storage of noncombustible 
materials. See code for details. 

UTILITY GROUP U: 

Building of an accessory nature, not 
classified elsewhere. Carports and 
private garages are included, 

OTHER SPECIAL 

OCCUPANCIES: 

Covered Mall Buildings 
Hiqh Rise Buildings (above 
75’ high). 

Atriums 

Underground Buildings 
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GENERAL BUILDING HEIGHTS AND AREAS 


TA9UL C 


TABLE 503 

ALLOWABLE BUILDFNG HEIGHTS AND AREAS 3 


Building height limitations shown in feet above grade plane. Story limitations shown as stories above grade plane. 


Building area limitations shown in square feet, as determined by the definition of “Area, building” per story 




TYPE OF CONSTRUCTION 



TYPE 1 

TYPE 11 

TYPE III 

TYPE IV 

TYPE V 



ft 

B 

A 

B 

A 

a 

NT 

A 

B 


HE1GHT{feet) 

UL 

160 

65 

55 

65 

55 

65 

50 

40 






STORIES{S) 





GROUP 





AREA (A) 





A-1 

S 

UL 

5 

3 

2 

3 

2 

3 

2 

1 

A 

UL 

UL- 

15,500 

8,500 

14,000 

8,500 

15,000 

12,500 

5.500 

A-2 

S 

UL 

11 

3 

2 

3 

2 

3 

2 

1 

A 

UL 

UL 

15,500 

9,500 

14,000 

9,500 

15,000 

13,500 

6.000 

A-3 

S 

UL 

11 

3 

2 

3 

2 

3 

2 

1 

A 

UL 

UL 

15,500 

9,500 

14,000 

9,500 

15,000 

11,500 

6,000 

A-4 

S 

UL 

11 

3 

2 

3 

2 

3 

2 

1 

A 

UL 

UL 

15,500 

9,500 

14,000 

9,500 

15,000 

11,500 

6,000 

A-5 

S 

UL 

UL 

UL 

UL 

UL 

UL 

UL 

UL 

UL 

A 

UL 

UL 

UL 

UL 

UL 

UL 

UL 

UL 

UL 

B 

S 

UL 

11 

5 

3 

5 

3 

5 

3 

2 

A 

UL 

UL 

37,500 

23,000 

28,500 

19,000 

36,000 

18,000 

9,000 

E 

S 

UL 

5 

3 

2 

3 

2 

3 

1 

1 

A 

UL 

UL 

26,500 

14,500 

23,500 

14,500 

25,500 

18,500 

9,500 

F-l 

S 

UL 

11 

4 

2 

3 

2 

4 

2 

1 

A 

UL 

UL 

25.000 

15,500 

19.000 

12,000 

33,500 

14,000 

8,500 

F-2 

S 

UL 

11 

5 

3 

4 

3 

5 

3 

2 

A 

UL 

UL 

37,500 

23,000 

28,500 

18,000 

50,500 

21,000 

13,000 

H-l 

S 

1 

1 

1 

1 

1 

1 

1 

1 

NP 

A 

21,000 

16,500 

11,000 

7,000 

9,500 

7,000 

10,500 

7,500 

NP 
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TABLE 503, {continued) 

ALLOWABLE BUILDING HEIGHTS AND AREAS 3 

Building height limitations shown in feet above grade plane. Story limitations shown as stories above grade plane. 
Building area limitations shown in square feet, as determined by the definition of “Area, building,” per story 




TYPE OF CONSTRUCTION 



TYPE 1 

TYPE 11 

TYPE IX 

TYPE IV 

TYPE V 



A 

B 

A 

B 

A 

B 

HT 

A 

a 


HEIGHT(feet) 

UL 

160 

65 

55 

65 

55 

65 

50 

40 






STORIES(S) 





GROUP 





AREA (A) 





H-2 d 

S 

UL 

3 

2 

1 

2 

1 

2 

1 

l 

A 

21,000 

16,500 

11,000 

7,000 

9,500 

7.000 

10,500 

7,500 

3,000 

H-3" 

S 

UL 

6 

4 

2 

4 

2 

4 

2 

I 

A 

UL 

60.000 

26,500 

14.000 

17,500 

13.000 

25,500 

10,000 

5,000 

H-4 

S 

UL 

7 

5 

3 

5 

3 

5 

3 

2 

A 

UL 

UL 

37,500 

17,500 

28,500 

17,500 

36,000 

18,000 

6,500 

j H-5 

S 

4 

4 

3 

3 

3 

3 

3 

3 

2 

A 

UL 

UL 

37,500 

23,000 

28,500 

19,000 

36,000 

18,000 

9,000 

M 

S 

UL 

9 

4 

3 

4 

3 

4 

3 

2 I 

A 

UL 

55,000 

19,000 

10,000 

16,500 

10.000 

18,000 

10,500 

4,500 

1-2 

S 

UL 

4 

2 

1 

1 

NP 

1 

1 

NP 

A 

UL 

UL 

15,000 

11,000 

12,000 

NP 

12.000 

9,500 

NP 

1-3 

S 

UL 

4 

2 

1 

2 

1 

2 

2 

1 

A 

UL 

UL 

15,000 

10,000 

10,500 

7,500 

12,000 

7,500 

5,000 

1-4 

S 

UL 

5 

3 

2 

3 

2 

3 

1 

1 

A 

UL 

60,500 

26,500 

13,000 

23,500 

13,000 

25,500 

18,500 

9,000 

M 

S 

UL 

11 

4 

2 

4 

2 

4 

3 

1 

A 

UL 

UL 

21,500 

12,500 

18,500 

12.500 

20,500 

14,000 

9,000 

R-l 

S 

UL 

11 

4 

4 

4 

4 

4 

3 

2 

A 

UL 

UL 

24,000 

16,000 

24,000 

16,000 

20,500 

12,000 

7,000 

< R-2 

S 

UL 

11 

4 

4 

4 

4 

4 

3 

2 

A 

UL 

UL 

24,000 

16,000 

24,000 

16,000 

20,500 

12,000 

7,000 

R-3 

S 

UL 

11 

4 

4 

4 

4 

4 

3 

3 

A 

UL 

UL 

UL 

UL 

UL 

UL 

UL 

UL 

UL 
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TABLE 503, (continued) 

ALLOWABLE BUILDING HEIGHTS AND AREAS 9 

Building height limitations shown in feet above grade plane. Story limitations shown as stories above grade plane. 
Building area limitations shown in square feet, as determined by die definition of “Area, building,” per story 




TYPE OF CONSTRUCTION 



TYPE 1 

TYPE li 

TYPE III 

TYPE fV 

TYPE V 



A 

B 

A 

B 

A 

a 

KT 

A 

B 


HEIGHT(feet) 

UL 

ISO 

65 

55 

65 

55 

65 

50 

40 






STORlES{S) 





GROUP 





AREA (A) 





R-4 

S 

UL 

11 

4 

4 

4 

4 

4 

3 

2 ! 

A 

UL 

UL 

24.000 

16,000 

24,000 

16,000 

20,500 

12,000 

7.000 

S-l 

S 

UL 

11 

4 

2 

3 

2 

4 

3 

1 

A 

UL 

48,000 

26,000 

17,500 

26,000 

17,500 

25,500 

14,000 

9,000 

S-2 b,t 

S 

UL 

11 

5 

3 

4 

3 

5 

4 

2 

A 

UL 

79,000 

39,000 

26,000 

39,000 

26,000 

38,500 

21,000 

13,500 

If 

S 

UL 

5 

4 

2 

3 

2 

4 

2 

1 

A 

UL 

35,500 

19,000 

8,500 

14,000 

8,500 

18,000 

9,000 

5,500 


For SI: l foot = 304.8 mm, 1 square foot = 0.0929m 2 . 

A = building area per story, S = stories above grade plane, UL = Unlimited, NP = Not permitted. 

a. See die following sections for general exceptions to Table 503: 

1. Section 504.2, Allowable building height and story increase due to automatic sprinkler system installation. 

2. Section 506.2, Allowable building area increase due to street frontage. 

3. Section 506.3, Allowable building area increase due to automatic sprinkler system installation. 

4. Section 507, Unlimited area' buildings. 

b. For open parking structures, see Section 406.3. 

c. For private garages, see Section 406.1. 

d. See Section 415.5 for limitations. 
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TABLE 601 

FIRE-RESISTANCE RATIN G REQUIREMENTS FOR BUILDING ELEMENTS (hours) 



TYPE 1 

TYPE II 

TYPE ill 

TYPE IV 

TYPE V 

BUILDING ELEMENT 

A 

B 

A d 

B 

A d 

B 

HT 

A" 

B 

Primary structural frame 8 
(see Section 202) 

3“ 

2“ 

i 

0 

1 

0 

HT 

l 

0 

Bearing walls 










Extenor 1 ' 8 

3 

2 

i 

0 

2 

2 

2 

1 

0 

Interior 

3“ 

2“ 

i 

0 

1 

0 

1/HT 

1 

0 

Nonbearing walls and partitions 










Exterior 





See Table 602 




Nonbearing walls and partitions 

Interior' 

0 

0 

0 

0 

0 

0 

See Section 602.4.6 

0 

0 

Floor construction and secondary 



i 

0 

1 

0 

HT 

1 

0 

members (see Section 202) 



Roof construction and secondary 
members (see Section 202) 


[b,c 

jb.c 

o c 

jKc 

0 

HT 

£b,c 

0 
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TABLE 601, (continued) 

FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (hours) 


For SI: 1 foot = 304.8 mm. 

a. Roof supports: Fire-resistance ratings of primary structural frame and bearing walls are permitted to be reduced by 1 hour where supporting a roof only. 

b. Except in Group F-l, H, M and S-l occupancies, fire protection of structural members shall not be required, including protection of roof framing and decking 
where every part of the roof construction is 20 feet or more above any floor immediately below. Fire-retardant-treated wood members shall be allowed to be used 
for such unprotected members. 

c. In all occupancies, heavy timber shall be allowed where a 1-hour or less fire-resistance rating is required. 

d. An approved automatic sprinkler system in accordance with Section 903.3.1.1 shall be allowed to be substituted for 1-hour fire-resistance-rated construction, pro¬ 
vided such system is not otherwise required by other provisions of the code or used for an allowable area increase in accordance with Section 506.3 or an allowable 
height increase in accordance with Section 504.2. The 1-hour substitution for the fire resistance of exterior walls shall not be permitted. 

Not less than the fire-resistance rating required by other sections of this code. 

f. Not less than the fire-resistance rating based on fire separation distance (see Table 602). 

g. Not less than the fire-resistance rating as referenced in Section 704.10 
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FIRE AND SMOKE PROTECTION FEATURES 


u£ T_0 


TABLE 705.8 

MAXIMUM AREA OF EXTERIOR WALL OPENINGS BASED ON FIRE SEPARATION DISTANCE AND DEGREE OF OPENING PROTECTION 


FIRE SEPARATION DISTANCE 
{feet) 

DEGREE OF OPENING PROTECTION 

ALLOWABLE AREA® 

0 to less than 3 b ' s 

Unprotected, Nonsprinklered (UP, NS) 

Not Permitted 

Unprotected, Sprinklered (UP, S)‘ 

Not Permitted 

Protected (P) 

Not Permitted 

3 to less than 5 d ‘ * 

Unprotected, Nonsprinklered (UP, NS) 

Not Permitted 

Unprotected, Sprinklered (UP, S)‘ 

15% 

Protected (P) 

15% 

5 to less than lO 6 ^ 

Unprotected, Nonsprinklered (UP, NS) 

10% h 

Unprotected, Sprinklered (UP, S)' 

25% 

Protected (P) 

25% 

10 to less than 15 e,f ’ 3 

Unprotected, Nonsprinklered (UP, NS) 

15% h 

Unprotected, Sprinklered (UP, S) 1 

45% 

Protected (P) 

45% 
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TABLE 705.8, (continued) 

MAXIMUM AREA OF EXTERIOR WALL OPENINGS BASED ON FIRE SEPARATION DISTANCE AND DEGREE OF OPENING PROTECTION 


FIRE SEPARATION DISTANCE 
(feet) 

DEGREE OF OPENING PROTECTION 

ALLOWABLE AREA 8 

15 to less than 20 f,g 

Unprotected, Nonsprinklered (UP, NS) 

25% 

Unprotected, Sprinklered (UP, S)' 

75% 

Protected (P) 

75% 

20 to less than 25 f - s 

Unprotected, Nonsprinklered (UP, NS) 

45% 

Unprotected, Sprinldered (UP, S)' 

No Limit 

Protected (P) 

No Limit 

25 to less than 30 6L: 

Unprotected, Nonsprinklered (UP, NS) 

70% 

Unprotected, Sprinklered (UP, S)' 

No Limit 

Protected (P) 

No Limit 

30 or greater 

Unprotected, Nonsprinklered (UP, NS) 

No Limit 

Unprotected, Sprinklered (UP, S) ! 

Not Required 

Protected (P) 

Not Required 
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TABLE 705.8, (continued) 

MAXIMUM AREA OF EXTERIOR WALL OPENINGS BASED ON FIRE SEPARATION DISTANCE AND DEGREE OF OPENING PROTECTION 

For SI: 1 foot = 304.8 mm. 

UP, NS = Unprotected openings in buildings not equipped throughout with an automatic sprinkler system in accordance with Section 903.3.1.1. 

UP, S = Unprotected openings in buildings equipped throughout with an automatic sprinkler system in accordance with Section 903.3.1.1. 

P as Openings protected with an opening protective assembly in accordance with Section 705.8.2. 

a. Values indicated are the percentage of the area of the exterior wall, per story. 

b. For the requirements for fire walls of buildings with differing heights, see Section 706.6.1. 

c. For openings in a fire wall for buildings on the same lot, see Section 706.8. 

d. The maximum percentage of unprotected and protected openings shall be 25 percent for Group R-3 occupancies. 

e. Unprotected openings shall not be permitted for openings with a fire separation distance of less than 15 feet for Group H-2 and H-3 occupancies. 

f. The area of unprotected and protected openings shall not be limited for Group R-3 occupancies, with afire separation distance of 5 feet or greater. 

g. The area of openings in an open parking structure with a fire separation distance of 10 feet or greater shall not be limited. 

h. Includes buildings accessory to Group R-3. 

i. Not applicable to Group H-l, H-2 and H-3 occupancies. 
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TA&L& E. © 


TABLE 508.4 

REQUIRED SEPARATION OF OCCUPANCIES (HOURS) 



A d ,E 

]-1 , 1-3, 1-4 

1-2 

R 

F-2, S-2 b , U 

B, F-1, M. S-1 

H-1 

H-2 

H-3, H-4, H-5 

OCCUPANCY 

s 

NS 

S 

NS 

S 

NS 

S 

NS 

s 

NS 

S 

NS 

S 

NS 

S 

NS 

S 

NS 

A d ,E 

K 

N 

i 

2 

2 

NP 

i 

2 

N 

i 

i 

2 

NP 

NP 

3 

4 

2 

3 a 

1-1,1-3,1-4 

— 

— 

N 

N 

2 

NP 

i 

NP 

1 

2 

i 

2 

NP 

NP 

3 

NP 

2 

NP 

1-2 

— 

— 

— 

— 

N 

N 

2 

NP 

2 

NP 

2 

NP 

NP 

NP 

3 

NP 

2 

NP 

R 

— 

— 

— 

— 

— 

— 

N 

N 

1= 

2 C 

1 

2 

NP 

NP 

3 

NP 

2 

NP 

F-2, S-2'\ U 









N 

N 

1 

2 

NP 

NP 

3 

4 

2 

3 £ 

B.F-l.M. 

S-l 











N 

N 

NP 

NP 

2 

3 

1 

T 

H-l 













N 

NP 

NP 

NP 

NP 

NP 

H-2 















N 

NP 

1 

NP 

H-3, H-4, H-5 


















NP 
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TABLE 508.4, (continued) 

REQUIRED SEPARATION OF OCCUPANCIES (HOURS) 


For SI: 1 square foot = 0.0929 m 2 . 

S = Buildings equipped throughout with an automatic sprinkler system installed in accordance with Section 903.3.1.1. 

NS = Buildings not equipped throughout with an automatic sprinkler system installed in accordance with Section 903.3.1.1. 

N = No separation requirement. 

NP = Not permitted. 

a. For Group H-5 occupancies, see Section 903.2.5.2. 

b. The required separation from areas used only for private or pleasure vehicles shall be reduced by 1 hour but to not less than 1 hour. 

c. See Section 406.1.4. 

d. Commercial kitchens need not be separated from the restaurant seating areas that they serve. 

e. Separation is not required between occupancies of the same classification. 

f. For H-5 occupancies, see Section 415.8.2.2. 



2009 INTERNATIONAL BUILDING CODE® 


128 




TABLE 602 

FIRE-RESISTANCE RATING REQUIREMENTS FOR EXTERIOR WALLS BASED ON FIRE SEPARATION DISTANCE 3 ' e 


FIRE SEPARATION DISTANCE = X 


OCCUPANCY 

OCCUPANCY 

OCCUPANCY 

{feet) 

TYPE OF CONSTRUCTION 

GROUP H 1 

GROUP F-1, M, S-1 9 

GROUP A, B, E, F-2, 1, R, S-2 9 , U" 

X < 5' 

All 

3 

2 

1 

5 <X <10 

1A 

3 

2 

1 

Others 

2 

1 

1 


IA, IB 

2 

1 

l d 

10 < X < 30 


1 

0 

0 


Others 

1 

1 

l d 

X > 30 

All 

0 

0 

0 


For SI: I foot = 304.8 ram. 

a. Load-bearing exterior walls shall also comply with the fire-resistance rating requirements of Table 601. 

b. For special requirements for Group U occupancies, see Section 406.1.2. 

c. See Section 706.1.1 for party walls. 

d. Open parking garages complying with Section 406 shall not be required to have a fire-resistance rating. 

e. The fire-resistance rating of an exterior wall i s determined based upon the fire separation distance of the exterior wall and the story in which the wall is located. 

f. For special requirements for Group H occupancies, see Section 415.3. 

g. For special requirements for Group S aircraft hangars, see Section 412.4.1. 
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TABLE 1021.1 

MINIMUM NUMBER OF EXITS FOR OCCUPANT LOAD 


OCCUPANT LOAD 
(persons per story) 

MINIMUM NUMBER OF EXITS 
(per story) 

1-500 

2 

501-1,000 

3 

More than 1,000 

4 



TABLE 1015.1 

SPACES WITH ONE EXIT OR EXIT ACCESS DOORWAY 


OCCUPANCY 

MAXIMUM OCCUPANT LOAD 

A, B, E a , F, M, U 

49 

H-l, H-2, H-3 

3 

H-4, H-5,1-1,1-3,1-4, R 

10 

S 

29 


a. Day care maximum occupant load is 10. 
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TABLE 715.4 

FIRE DOOR AND FIRE SHUTTER FIRE PROTECTION RATINGS 



REQUIRED ASSEMBLY RATING 

MINIMUM FIRE DOOR AND FIRE 

TYPE OF ASSEMBLY 

(hours) 

SHUTTER ASSEMBLY RATING (hours) 


4 

3 

Fire walls and fire barriers having a required fire-resistance 

3 

3 a 

rating greater than 1 hour 

2 



1V 2 

lV 2 

Fire barriers having a required fire-resistance rating of 1 hour: 



Shaft, exit enclosure and exit passageway walls 

1 

i 

Other fire barriers 

1 

% 

Fire partitions: 



Corridor walls 

1 

V 


0.5 

V 

i Other fire partitions 

1 

% 


0.5 

% 


3 

« 2 

Exterior walls 

2 

i‘4 


1 

% 

Smoke barriers 

1 

V 


a. Two doors, each with a fire protection rating of 1V 2 hours, installed on opposite sides of the same opening in a fire wall, shall be deemed equivalent in fire protection 
rating to one 3-hour fire door, 

b. For testing requirements, see Section 715.4.3. 
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TABLE 1018.1 

CORRIDOR FIRE-RESISTANCE RATING 


OCCUPANCY 

OCCUPANT LOAD SERVED BY CORRIDOR 

REQUIRED FIRE-RESISTANCE RATING (hours) 

Without sprinkler system 

With sprinkler system 0 

H-l.H-2, H-3 

All 

Not Permitted 

i 

H-4, H-5 

Greater than 30 

Not Permitted 

i 

A, B,E, F, M, S, U 

Greater than 30 

i 

0 

R 

Greater than 10 

Not Permitted 

0.5 

1-2", 1-4 

All 

Not Permitted 

0 

1-1,1-3 

All 

Not Permitted 

l b 


a. For requirements for occupancies in Group 1-2, see Sections 407,2 and 407.3. 

b. For a reduction in the fire-resistance rating for occupancies in Group 1-3, see Section 408,8. 

c. Buildings equipped throughout with an automatic sprinkler system in accordance with Section 903.3.1.1 or 903.3.1.2 where allowed. 
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TABLE 1005.1 

EGRESS WIDTH PER OCCUPANT SERVED 


OCCUPANCY 

WITHOUT 

SPRINKLER SYSTEM 

WITH 

SPRINKLER SYSTEM" 

Stairways 
(inches per 
occupant) 

Other egress 
components 
(inches per 
occupant) 

Stairways 
(inches per 
occupant) 

Other egress 
components 
(inches per 
occupant) 

Occupancies 
other than those 
listed below 

0.3 

0.2 

0.2 

0.15 

Hazardous: H-l, 
H-2, H-3 and H-4 

0.7 

0.4 

0.3 

0.2 

Institutional: 1-2 

NA 

NA 

0.3 

0.2 


For SI: 1 inch = 25.4 mm. NA = Not applicable. 

a. Buildings equipped throughout with an automatic sprinkler system in accor¬ 
dance with Section 903.3.1.1 or 903.3.1.2. 
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TABLE 1016.1 

EXIT ACCESS TRAVEL DISTANCE 3 


OCCUPANCY 

WITHOUT SPRINKLER 
SYSTEM 
(feet) 

WITH SPRINKLER 
SYSTEM 
(feet) 

A, E, F-l, M, R, S-l 

200 

250 b 

1-1 

Not Permitted 

250 c 

B 

200 

300 c 

F-2, S-2, U 

300 

400 c 

H-l 

Not Permitted 

75 c 

H-2 

Not Permitted 

o 

o 

H-3 

Not Permitted 

150 c 

H-4 

Not Permitted 

175 c 

H-5 

Not Permitted 

200° 

1-2,1-3,1-4 

Not Permitted 

200 c 


For SI: 1 foot = 304.8 mm. 

a. See the following sections for modifications to exit access travel distance 
requirements: 

Section 402.4: For the distance limitation in malls. 

Section 404.9: For the distance limitation through an atrium space. 

Section 407.4: For the distance limitation in Group 1-2. 

Sections 408.6.1 and 408.8.1: For the distance limitations in Group 1-3. 

Section411.4: For the distance limitation in special amusement buildings. 

Section 1014.2.2: For the distance limitation in Group 1-2 hospital suites. 

Section 1015.4: For the distance limitation in refrigeration machinery 
rooms. 

Section 1015.5: For the distance limitation in refrigerated rooms and spaces. 

Section 1021.2: For buildings with one exit. 

Section 1028.7: For increased limitation in assembly seating. 

Section 1028.7: For increased limitation for assembly open-air seating. 

Section 3103.4: For temporary structures. 

Section 3104.9: For pedestrian walkways. 

b. Buildings equipped throughout with an automatic sprinkler system in accor¬ 
dance with Section 903.3.1.1 or 903.3.1.2. See Section 903 for occupancies 
where automatic sprinkler systems are permitted in accordance with Section 
903.3.1.2. 

c. Buildings equipped throughout with an automatic sprinkler system in accor¬ 
dance with Section 903.3.1.1. 
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TABLE 1021.2 
STORIES WITH ONE EXIT 


STORY 

OCCUPANCY 

MAXIMUM OCCUPANTS (OR DWELLING UNITS) 

PER FLOOR AND TRAVEL DISTANCE 

First story or basement 

A, B d , E e , F", M, U, S d 

49 occupants and 75 feet travel distance 

H-2, H-3 

3 occupants and 25 feet travel distance 

H-4, H-5,1, R 

10 occupants and 75 feet travel distance 

S* 

29 occupants and 100 feet travel distance 

Second story 

B b , F, M, S a 

29 occupants and 75 feet travel distance 

R-2 

4 dwelling units and 50 feet travel distance 

Third story 

R-2 C 

4 dwelling units and 50 feet travel distance 


For SI: 1 foot = 304.8 mm. 

a. For the required number of exits for parking structures, see Section 1021.1.2. 

b. For the required number of exits for air traffic control towers, see Section 412.3. 

c. Buildings classified as Group R-2 equipped throughout with an automatic sprinkler system in accordance with Section 903.3.1.1 or 903.3.1.2 and provided with 
emergency escape and rescue openings in accordance with Section 1029. 

d. Group B, F and S occupancies in buildings equipped throughout with an automatic sprinkler system in accordance with Section 903.3.1.1 shall have a maximum 
travel distance of 100 feet. 

e. Day c-are occupancies shall have a maximum occupant load of 10. 
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EXAMPLE. PRObLLM 

ROUGHLY CHECK P OR CotPB FEOUIKEMEHTS R?R THE Pe6|<W4 
OF A NEW (WflWTE- HEFOSUMtTERG W A SUSUgBAN SET¬ 
TING OH A LA0&E Si'IB-, THE PRESENT THINKING A To HYFE A 
3 ST&FY OFFICE SWIUPING WITH 2 FLOOR A OF PARKING In) 
THE I^A&eMeMT, B>&i-sW. BE/LAAE OF IhKWRAfKE., THE 
S£l>IU?IMG WILT eg FUIAY SFRIUKLEREP. FEE^EHT THlUiCING 
iA F0£ A -grnasu k&u&? »UP ! £-. 4> A CoNCRSIB fSASeMeNT- 


Ch£CK A&A1H6T Igg. &309 QOP& 

Following -me sequence-, erAteriNG ow pace si ; 

CJ. OCCUPANT LOAC PER TABLE. A t&S eUAWg^A = iOO ^P/OCC. 

PARKING - 2co&r/occ. 

b. OCCWAliCj i fISK TAf 5lg g|«; OFFICE = J5> REEKING 6AE- 

AGg = S-2 

G, ALLOWABLE AREA- LFSE TAELE. C) 


& 

_A_ 

UL 

X 

11 

XL 

A 

5 

(J>_ ^ 
s 

UL 

A 

& 

A 

2 

12 

S 

A. 

55 

_& 

2 

A 

UL 

UL 

S7&» 

ttoooj 


H<>£» 

3G»o 

lg££» 

Hera? 

e> 

Ul 

II 

S 

n> 

A 

S 

S 

4- 

2. 

A 

Ul. 

T^aoo 

■ZP\ooo '2&ax> 

gH&O 

'Li.oOb 

2S0CO 

l\ooo 

\h50O 


OC6. 

& 


$>ELgCY !!-gj CONST. FOR. A E»TEEU STRUCTURE = 23005 SF/FL 
H0U7CFF CM SELECTION FK* NOW. 

O') AREA IHCKgASSS’ 

-SReiHKlER. CPEFlT'C 

( 4 )) AuJce euiudiHG isr& g& afp.inhcefsf s 

JTs = "ZooYo 
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L \>0 FEoHTA&E. CKEPiTJ 

A55UM5 to have fire pert Accea5> aroiaip 

■WHOLE ©UIU7IM&-. if = 7<p>% 

W) JwaeeA&e. Rpg 4 CbX a eove: 

A a = + 

L ioo ioo 

^ = 2^00 + r* ~» 7 - g + 

1_ loo i«o - 1 

<Ao = 2??ooo + 17250 + 4-feooo 

Aa. - 66 250 5F / flcoe 
X 2> FLooge 

25g 7 50 “5F TOTAL- fior. «.6>ToRTY OFFlOe- 

(ol) UUUMireo' AeeA 

Cf-'t PAKkiNO SAfiAOE AU-OWEC? DrJUr»in0C> AREA 
Vocauvs. op "Total- f.p: Aox&i* Agootx? &lp's- 

(2} coNiFArrMFwriMfi-; 

JrJ -meoKV, TVte ewuoifje- oouu? @& ehpleea? w ^ze 

if com Fast mehtei? with "5 hour. fice- waller mak- 

IWE IT IHTO eePABATE. Z58T50 SF &UIH7IK105. '&ZCMVS- 
OF LAMP AREA 4 COW?, WE WILL MOT Pofm5>» 

d, Auz)WA 0 t£ Heio+rr 

F&K TAgte e, we Age allows? a 5-roe ie5>. @v 
HAV ihie- erei>JALeiR5, we aee allowed a total of 
g> 5TOKI&&, ee^Ai/eerfFoasr, we wiu-5-fAV With 55T5Ki&% 

6- ^w&TieucriONi Tyre 

II -0 lb uMAROTEOTEF KOiO CjDtn&frX\&l& {5TE6L) O&nl&T, 

■f, Hol«lV BATf065> i Pfe? taele p 1 , i(- 0> i<e? <p Houee? Foe au_ 

EJ-EMeKTb. 
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g, OCCOPA&Ci •e>EFAKATI6i4: FER TAELE £, A o Halt AgF. 

waia l<s> (?6S'e eerwasM a 
i3- 4 ‘p-'Z, we wiu- make thie 
a & n omazers. -siA&. 


h, ^neiKKLei? p&s-uus&MgMrE; $--2 f5m?ki>a6 &AtA&e^ ak-e 

f?ea'c? r» &e spKnoKieKee?. 
Euf we" A<?e FIAMAF 15 -SFRWfc- 
L£F Twe WHtilg &VIL-P1M4- AMYW-W. 

I, Puae Atas/VE, waua, eAtreieias> / 4 FAermowE. 

Fuze AeeAe-s n/a 
Fuze WAU/& - w/a 

Fiee gAtSKieKA- 2 Hook- gAeeiee <S e-eouwo flose^ 
(IffeK < 3 ., A&SYS) + FICB ‘@TAA‘5>. 

Fuse FAenriou*; ni/a 

owe Hcxie batbi? wauy&-; f®k taehe h, wo patw<&- 

FVe -ro e^wFLSR©-- 

‘/e Hooe. eYrec? wau>5- im n-e 

j, Extet?i<5i2- waua? 

FfefZ TAete J f w<? kss'k eecAx^e >%>' ro ife., 

k, exin^^ 

|. R51?. <?FF/<26. J S6J?50_5F/FL - 2 , 5 . ( 3 ^; /p, 

loo $p/OAi. ' 

-£, ffeK. TA0LE K ' MU&T HAVE E EXiTE- FEE.F103K, 

2>. TYPE l|- fr, MU-yf HAVE 2 HE. v/AUA © Exit ETAiiCg-, 

4, &XIT5 MlET &e AeFAKATEP »Y X-z. CTAS-OMAU £ EBB 
AT )ZgASOMAB-Fe piSTAtJOE- 

5, EXIT WiCTH F6K TAEL-S -I £ W/'S-'PRlWKLeKAO ; 

£>. Z 11 /F£C. Fog. A-TAiev\AVg/ 

< 3 . 15 " //)X6. F»£ orwee. 

56-2.5 <*s5./fl 4-2- saws- = 207.5 005,/exir 

•2 07,5 fi£ 0 . X o.-z A /occ. = 5-7^" oe 4 1 - ficswie wutth 
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-2S7.50CC.X o.i5"/oe.= 4£.iZ>=>“ 6AY 44" ae. 

Caez^cefy. 

fSiAS&MSMT f5MSKiid& 6-ASA4E; 

Tfte PABOfJfr tSAB^E I6> PiAWMEf To 0& Z FUoeeE ReioW 
"TV® cx??\ce. i&.jo.c’iMij,, e>iMCg it ie> fuahws? to ee 
cokj-^Tv ir wikc im gppssf J-A coM^reuorfoM, wmo-) 
Awov^&- uwuimirep AEeA £ £VBr4 TH 0 U 6 V+ we A es twin<ufr ir 
TO "THE F£»T TOiJT OF THE OFFICE BtfiH5iM6v ABOVE). THE £500. 
L0A17 FACTOR IA» 200 EF/OOO . FEE 1AStfi A . AT * 

§£!££ = 4*1. 25 000./FL. FBe '‘ m » ie K . 2 

Zoo &T/OCC ' &XIT&. ACE ESB'R 



£.r. 


6<r. 

T^TAl 


F loo IS 

Fg4(<smnc*j use 

A®?A 

(%iT2g 

QCG, 

1 

e> 

oppce 

s«eo 

Ifitt 

062.6> 

2 

li 

II 

11 

II 

11 

=& 

II 

u 

li 

II 

II 


& 

OFACg 

250760 6F 


2 507.5 occ. 

-l 

6-2 

f?<\ekuiJfe 

66 260 

20© 

46i.«5 

-2 

u 

li 

II 
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11 


6-2 

FAetikK- 

17Z&SS 6F 


042. 5 0£o. 
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461250 5F 
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4. Accessibility (ADA requirements) ( 2 ) 

_ a. General: This section concerns accessibility for the 

disabled as required by ADA, the Americans with 
Disabilities Act (Title 3, the national civil rights 
law), in nongovernment buildings (Title 2 applies to 
government buildings), as amended by ICC/ANSI 
A 117.1—1998. Local or state laws may (in part) be 
more restrictive regarding alterations and new 
buildings. For each item under consideration, the 
more restrictive law applies. 

_ b. ADA applies to: 

_ (1) Places of public accommodation (excluding 

private homes and clubs, as well as churches). 
Often, buildings will have space both for the 
general public and for employees only. 

_ (2) Commercial facilities (employees only) 

requirements are less restrictive, requiring 
only an accessible entry, exit, and route 
through each type of facility function. Only 
when a disabled employee is hired (under 
Title 1) do more restrictive standards apply. 
_ c. Existing buildings are to comply by removing “archi¬ 
tectural barriers,” as much as possible, when this is 
“readily achievable” (not requiring undue expense, 
hardship, or loss of space). This effort, in theory, is to 
be ongoing until all barriers are removed. When bar¬ 
riers can’t be readily removed, “equivalent facilita¬ 
tion” is allowed. Priorities of removal are: 

_ (1) Entry to places of public accommodation 

_ (2) Access to areas where goods and services 

are made available to the public 

_ (3) Access to restroom facilities 

_ (4) Removal of all other barriers 

_ d. Alterations to existing buildings require a higher stan¬ 
dard. To the maximum extent possible, the altered 
portions are to be made accessible. If the altered area 
is a “primary function” of the building, then an acces¬ 
sible “path of travel” must be provided from the entry 
to the area (including public restrooms, telephones, 
and drinking fountains), with exemption only possi¬ 
ble when cost of the path exceeds 20% of the cost to 
alter the primary function. 

_ e. New buildings or facilities must totally comply, with 

only exceptions being situations of “structural 
impracticability.” 

_ f. See Index, p. 665, for a complete list of ADA 

requirements. 
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I. STRUCTURAL SYSTEMS 



Deciding which structural system to use is one of the most 
prominent choices the architect will have to make. Factors 
affecting the choice: 

_ 1. Construction type by code 

_ 2. Long vs. short spans 

_ 3. Live loads 

_ 4. Low vs. high rise 

_ 5. Lateral and uplift 

_ 6. Rules of thumb for estimating structural sizes 

1. Construction Type by Code (also see p. 941 

_ a. Type I, A and B Construction —require noncom¬ 
bustible materials (concrete, masonry, and steel) 
and substantial fire-resistive ratings (2, 3, and 4 
hours). Both these construction types can be used to 
build large, tall buildings. The difference is that 
Type I has no height or area limits for most occu¬ 
pancies. Type I construction requires 3- and 4-hour 
fire resistance for structural members. Type II has a 
maximum height limit of 160' as well as floor area 
and maximum story limitations as a function of 
occupancy. Type II requires 3- and 2-hour ratings 
and thus is less expensive. Typical systems are: 


Concrete solid slabs 

Concrete slabs win drop panels 

Concrete 2-way slab on beam 

Concrete waffle slabs 

Concrete joists 

Concrete beams 

Concrete girders 

Concrete tees 

Concrete arches 

Concrete thin shell roofs 

Steel decking 

Steel beams 

Steel plate girders 


10-25' spans 


20-35' 
20-35' 
30'-40' 
25'-45' 
15-40' 
20-60' 
20 - 120 ' 
60-150' 
50-70' 
5'—15' 
15-60' 
40-100' 


b. Type II, A and B —uses structural members of non¬ 
combustible construction materials for exterior 
walls, interior bearing walls, columns, floors, and 
roof. This is usually steel framing combined with 
concrete or masonry walls. Typical systems are: 

Steel decking 5'—15' spans 

Steel beams 15-60' 
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Steel joists 15-60' 

Steel plate girders 40-100' 

Steel trusses 40-80' 


c. 


Type III, A and B —has exterior walls of noncom¬ 
bustible construction material, usually masonry or 
concrete; interior columns, beams, floors, and roofs 
can be constructed of any material, including wood. 
Typical systems are: 


Wood joists 
Wood beams 
Wood girders 
Glu-lam beams 
Wood trusses 


10-25' spans 
15'—30' 
20-35' 
15-120' 
30-100' 


d. 


e. 


Type TV Heavy Timber Construction —achieves its 
fire resistance from the large size of the timber 
members used to frame it (2" actual +). Exterior 
walls must be noncombustible. Typical systems are: 


Wood planks, T and G, 3" 2'—6' spans 

Wood beams, 6 x 10, min. 15'—30' 

Wood girders, 6 x 10, min. 20-35' 

Wood trusses supporting floors 

8" oc. min. and roofs 6" x 8" 30-100' 

Wood arches supporting floors 

8' oc. min. and roofs 6" x 8" min. 30-120' 
Wood glu-lam beams 15-120' 


Type V, A and B —is essentially light wood-frame 
construction. Typical systems are: 


Plywood 
Wood planks 
Wood joists 
Wood beams 
Wood girders 
Glu-lam beams 
Wood trusses 


2'-4' spans 
2 '- 6 ' 

10'—25' 

15'—30' 
20'—35' 
15-150' 
30-100' 


Note: When tentative structural system selected, see 
Part 13 for details and costs. 


2. Long vs. Short Spans 

Select shortest span for required functional use of the space. 
Short spans (10', 20', or 30') suggest beams, girders, and 
slabs in bending. This method encloses the space eco¬ 
nomically with a minimum of structural depth. 
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Long spans (50' to 100' and beyond) suggest the use of shape 
to aid the structural material. Arches, shells, domes, space 
frames trusses, and similar structures use their shape to 
help the structural material span the long distance. 

Extra-long spans (such as stadiums) involve roofs spanning 
great distances. The economics suggest tension and 
inflatable membrane structures. 

3. Loads (vertical) 

_ a. Roof 


(1) Live loads are determined by occupancy 
and roof slope use. See p. 150. 

(2) Snow loads should be considered when 
required (especially when loads are 20 lb/SF 
or more). See App. B, item T. Take into 
account: 

_ (a) Heavier loads at drift locations 

_ ( b ) Pitch of roof 

_ (c) Roof valleys 




-Pitchy 
ZO c -5H6P 
eerr££ 


_ b. Floor: see p. 150. 

4. Low- vs. High-Rise 

Low-rise (1 to 6 stories) structural design is dominated by 
the collection of dead and live loads through slabs, 
beams, and girders onto the walls and columns where the 
load is taken down to the foundation and onto the earth 
below. 

High-rise (above 6 stories) design is dominated by the need 
to withstand the lateral loading of wind and earthquake 
on the building. This domination of lateral loading forces 
a building to become more symmetrical as it gets taller. 
There is substantial additional cost involved in a high- 
rise solution because of this increased need to resist lat¬ 
eral loads. 

Costs: For each added story, add 1% to 5%. 
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TABLE 1607.1 

MINIMUM UNIFORMLY DISTRIBUTED LIVE LOADS, L a , AND 
MINIMUM CONCENTRATED LIVE LOADS 9 


OCCUPANCY OR USE 

UNIFORM 

(psf) 

CONCENTRATED 

(lbs.) 

1. Apartments (see residential) 

— 

— 

2. Access floor systems 

Office use 

Computer use 

50 

100 

2,000 

2,000 

3. Armories and drill rooms 

150 

— 

4. Assembly areas and theaters 

Fixed seats (fastened to floor) 

Follow spot, projections and control 
rooms 

Lobbies 

Movable seats 

Stages and platforms 

Other assembly areas 

60 

50 

100 

100 

125 

100 

— 

5. Balconies (exterior) and decks* 1 

Same as 
occupancy 
served 

— 

6. Bowling alleys 

75 

— 

7. Catwalks 

40 

300 

8. Cornices 

60 

— 

9. Corridors, except as otherwise indicated 

100 

— 

10. Dance halls and ballrooms 

100 

— 

11. Dining rooms and restaurants 

100 

— 

12. Dwellings (see residential) 

— 

— 

13. Elevator machine room grating 
(on area of 4 in 2 ) 

— 

300 

14. Finish light floor plate construction 
(on area of 1 in 2 ) 

— 

200 

15. Fire escapes 

On single-family dwellings only 

100 

40 

— 

16. Garages (passenger vehicles only) 

Trucks and buses 

40 Note a 

See Section 1607.6 
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TABLE 1607,1. (continued) 

MINIMUM UNIFORMLY DISTRIBUTED LIVE LOADS. L a , AND 
MINIMUM CONCENTRATED LIVE LOADS 3 


OCCUPANCY OR USE 

UNIFORM 

(psf) 

CONCENTRATED 

(lbs.) 

17. Grandstands 

(see stadium and arena bleachers) 

— 

— 

18. Gymnasiums, main floors and balconies 

100 

— 

19. Handrails, guards and grab bars 

See Section 1607.7 

20. Hospitals 



Corridors above first floor 

80 

1,000 

Operating rooms, laboratories 

60 

1.000 

Patient rooms 

40 

1,000 

21. Hotels (see residential) 

— 

— 

22. Libraries 



Corridors above first floor 

80 

1,000 

Reading rooms 

60 

1,000 

Stack rooms 

150 b 

1,000 

23. Manufacturing 



Heavy 

250 

3,000 

Light 

125 

2,000 

24. Marquees 

75 

— 

25. Office buildings 



Corridors above first floor 

80 

2,000 

File and computer rooms shall be 



designed for heavier loads based 

— 

— 

on anticipated occupancy 



Lobbies and first-floor corridors 

100 

2,000 

Offices 

50 

2,000 

26. Penal institutions 



Cell blocks 

40 

_ 

Corridors 

100 


27. Residential 

One- and two-family dwellings 
Uninhabitable attics without storage* 
Uninhabitable attics with limited 
storage 1, j ,k 

Habitable attics and sleeping areas 

All other areas 

Hotels and multifamily dwellings 

Private rooms and corridors 
serving them 

Public rooms and corridors serving 
them 

10 

20 

30 

40 

40 

100 

— 
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TABLE 1607.1, (continued) 

MINIMUM UNIFORMLY DISTRIBUTED LIVE LOADS, L& AND 
MINIMUM CONCENTRATED LIVE LOADS 3 


OCCUPANCY OR USE 

UNIFORM 

(psf) 

CONCENTRATED 

(lbs,) 

28. Reviewing stands, grandstands and 
bleachers 

Note c 

29. Roofs 

All roof surfaces subject to maintenance 
workers 

Awnings and canopies 

Fabric construction supported by a 


300 

lightweight rigid skeleton structure 
All other construction 

Ordinary flat, pitched, and curved roofs 
Primary roof members, exposed to a 
work floor 

Single panel point of lower chord of 
roof trusses or any point along 
primary structural members 
supporting roofs: 

Over manufacturing, storage 

nonreducible 

20 

20 


warehouses, and repair 


2,000 

garages 

All other occupancies 

Note 1 

60 

300 

Roofs used for other special purposes 
Roofs used for promenade purposes 

Note 1 

Roofs used for roof gardens or 
assembly purposes 

100 


30. Schools 



Classrooms 

40 

1,000 

Corridors above first floor 

80 

1,000 

First-floor corridors 

100 

1,000 

31. Scuttles, skylight ribs and accessible 


200 

ceilings 


32. Sidewalks, vehicular driveways and 

250 d 

8,000 e 

yards, subject to trucking 

33. Skating rinks 

100 

— 
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5. Lateral and Uplift: Beyond vertical loads, consideration 
should always be given to horizontal and uplift forces. For 
these, the UBC factors in the importance of the occupancies 
(“essential occupancy with higher safety factor”) such as 
hospitals, police and fire stations, emergency structures, 
hazardous-materials facilities, etc. 

_ a. The force a wind exerts varies according to the 

square of its speed. If wind doubles, its pressure 
quadruples. If wind speed halves, its pressure is 
quartered. Wind forces are based on known wind 
speeds. Minimum is usually 70 mph (13 Ib/SF) and 
maximum usually 130 mph (44 lb/SF) for hurricanes 
(with the range between being 4 lb to 7 lb/SF added 


-4 



—) 



—) 



~> 


etTweeH 

2: 12 4 12- 



UEA4.T 


154 







Structural Systems 155 


for each additional 10 mph). See App. B, item S. 
Added to this are factors for height of the building. 
Wind creates a suction effect on any roof slope of 
less than about 20°. Also, see p. 374 for shingles. 
Note: The new building codes have revised wind 
speeds for gusts. It was decided, for simplicity’s 
sake, to keep the 1997 UBC data. 
b. Seismic forces are caused 
by ground waves due to 
earthquake shock, caus¬ 
ing vertical and horizon¬ 
tal movement. 

The weight of the 
building usually absorbs 
the vertical element, leaving the horizontal force 
transmitted through the building foundations to the 
structure above. The weight of the building resists 
side movement. Present engineering procedure is to 
design the building for a side force, like wind. 





) 

Seismic forces grow in proportion to the weight of 
the building and the square of its height. The total 
seismic force the building must withstand is a per¬ 
cent of its total weight. This force is usually 10 to 
50% of the total weight of the building. In determin¬ 
ing the required force, the 1997 UBC considered: 

_ (1) Risk: based on location. Zones 4 and 3 are 

the most hazardous. Zones 0 and 1 are the 
least hazardous. See App. B, item E. 

Note: The new building codes have made 
seismic engineering much more complicated. 
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It was decided, for simplicity’s sake, to keep 
the data from the 1997 UBC. 

Costs increase about 1% to 2% for every increase 
in zone (2% to 5% for high-rise, and 5% to 8% for 
long-span, heavy construction). 

_ (2) Importance of occupancy: See p. 154. 

_ (3) Soils and site geology: Rock-like materials 

are best. Soft clays are poor. Deep deposits 
of soft soils tend to produce ground surface 
motion with longer periods, whereas shal¬ 
low deposits of stiff soils result in shorter 
periods. Because of the potential for reso¬ 
nance to increase the motion imposed on a 
building, more rigid designs will probably 
perform better on soft soils, whereas more 
flexible designs will perform better on 
stiffer soils. 

_ (4) Resistance of the structure: 

_ (a) The less weight the better 

_ ( b ) The more flexible the better, or 

_ (c) The stiffer the better 


Structural Systems 157 


c. Lateral design and overall building shape 
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_ d. Nonstructural seismic considerations 

In seismic zones 3 and 4, the following things should 

be considered: 

_ (1) Overhead utility lines, antennae, poles, 

and large signs pose a hazard. 

_ (2) Secure and brace roof-mounted and floor- 

mounted equipment for lateral load and 
uplift. This would include AC equipment, 
hot water heaters, and electrical service 
sections. 

_ (3) Brace structure-supported piping and ducts 

for side sway. Avoid long, straight runs. 

_ (4) Brace structure-supported suspended ceil¬ 
ings for side sway. Allow for movement 
where wall occurs. 

_ (5) Sleeve piping through foundation walls. 

_ (6) Locate building exits to avoid falling ele¬ 
ments such as power poles or signs. 

_ (7) Anchor veneers to allow for movement. 

_ (8) Partitions should be constructed to assume 

the added seismic lateral load caused by 
the furniture or equipment. 

_ (9) Seismic joints should include partition con¬ 
struction details to provide a continuous 
separation through the roof, floor, walls, 
and ceiling. 

_ (10) Interior partitions and fire-rated walls that 

are floor-to-floor need to be designed for 
lateral movement. Also, consider corners, 
tee-junctions of walls, and junctions of 
walls and columns. 

_ (11) Brace suspended light fixtures. Consider 

plastic rather than glass lenses. 

_(12) Battery-powered emergency lighting needs 

positive attachment. 

_ (13) Use tempered or laminated glass, or plas¬ 
tic, at large-glass areas that could cause 
damage. Use resilient mountings. 

_(14) Laterally secure tall furniture and shelving. 

6. Structural Components (A Primer): Many of today’s 
engineering courses have become so cluttered with theory 
and mathematics that even graduate engineers sometimes 
lose sight of the simple basic principles. Use this section to 
remind you of basic structural principles. 
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a. Types of forces 

_ (1) Tension 

_ (2) Compression 

_ (3) Bending 
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_ ( 5 ) 


Torsion 



(6) Buckling 
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b. Beams 

_ (1) Simple beams have tension at the bottom 

and compression at the top. 

_ (2) If the beam is made deeper, “d” (the 

moment arm) is increased and the compres¬ 
sive and tensile forces decreased. The 
deeper the beam, the stronger. 

_ (3) Within limits, small holes can often be cut 

through the beams at center, middepth, 
without harm. But notches or holes at top 
or bottom will reduce strength. 



(4) Since shear is usually greatest close to the 
supports, judgment must be used regarding 
cutting holes or notches in the web close to 
the support. Also, see p. 347. 

(5) Continuous beams can often carry more 
load than simple span beams. 

(6) A point to watch for in cantilever and con¬ 
tinuous beams is possible uplift at a rear 
support. 

(7) Beams may be fixed or restrained. The 
bending stress at midspan is less (so beam 
depth is less) but connections become more 
involved. 
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c. Slabs 

_ (1) Are nothing more 

than wide, flat 
beams. 

_ (2) Generally, by far, 

the greatest stress in 
flat slabs occurs 
where the columns 
try to punch through 
the slab. Slab open¬ 
ings next to columns 
can trigger failures! 

d. Columns: Because of the 
tendency for columns to 
buckle, fatter ones carry 
more load than thinner 
ones (with same cross-sec¬ 
tional area and length). 



e. Walls 

_ (1) Bearing walls act as 

wide, flat columns, 
carrying their loads 
in compression. 

_ (2) Walls must be tied 

to the floor and roof. 

_ (3) Bond beams tie the 

wall together, so 
more of it will act to 
resist any specific 
load. 

_ (4) Shear walls fail by: 
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(1) A truss is a structural framework composed 
of a series of straight members so arranged 
and fastened together that external loads 
applied at the joints will cause only direct 
stress in the members. 

(2) Trusses are usually lighter and more effi¬ 
cient than solid beams carrying the same 
load, but take more vertical space. 

(3) Trusses are made by a series of triangles 
supporting load at panel points. Patterns 
other than triangles can change shape easily 
and must be avoided or specially treated. 

(4) When the external loads act downward and 
the truss is supported at its ends, the upper 
chord is always in compression and the 
lower chord is always in tension, similar to 
a simple beam. The web members are in 
either tension or compression. 

(5) Connections of 
web and chords 
become very 
important. The 
center of gravity 
of intersecting 
web members 
should meet at 
or very close to 
the center of gravity of the chord. 

(6) Loads should be carried at the panel points, 
not between. This is probably the most 
common problem with trusses. 

(7) Field shifting or removal of web members 
to allow passage of ducts or other items may 
be dangerous. 
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_ ( 8 ) 


_ ( 9 ) 


If trusses can¬ 
tilever over a 
support or are 
continuous over 
a support, the 
bottom chords 
must often be 
braced against sideways buckling where 
they are in compression. 

Classification 

_ (a) Complete frame is made up of the 

minimum number of members re¬ 
quired to provide a complete sys¬ 
tem of triangles. 
n = 2p - 3 

where n = min. number of 

necessary members 
p = number of panel points 


*1**1* Ji>«L 4r 

lAAAA/Nl 

T 

^KACINiS- ? 


XK7K 


n a ie> 

9 * *1 

(b) Incomplete frame is where the 
number of members is less than 
required. 


/Q\ 


& f’-d 


(c) Redundant frame contains a greater 
number of members than required. 
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(lO)Truss types are based on form, method of 
support, or arrangement of web bracing. A 
truss can be made to just about any shape. 
Following are common types: 
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g. Arches (or sloped roofs) 
Need resistance to lat¬ 
eral thrust by either of 
the following: 

_ (1) Strengthening 

or thickening 
the supports 

_ (2) Tension mem¬ 
bers added 


n rt 

,iO_ JDt 

COMK~ 


h. Connections 

_ (1) Redundancy ensures structural integrity by 

increasing the number of pathways by which 
structural forces may travel to the ground. 

_ (2) Connections are usually the most critical ele¬ 
ments of any structure. Statistically, failures 
are much more apt to occur at a connection 
than anywhere else. When connections fail, 
they often fail suddenly, not giving the warn¬ 
ings of deflection and cracking inherent in, 
say, a bending failure of a beam. Thus a con¬ 
nection failure is apt to be more hazardous 
to life and limb than are some other types of 
failures. 

_ (3) Connections are often more sensitive to 

construction tolerances or errors than are 
the structural members themselves. 


^ u^e. thi^ 





























168 The Architect’s Portable Handbook 


_ (4) In cases where a strong material (such as 

steel or prestressed concrete) must be con¬ 
nected to a weaker material (such as con¬ 
crete blocks), the stronger material may 
carry a load that is not easily carried by the 
weaker. The connection must spread the 
load over a large area of the weaker mate¬ 
rial and must also not cause undue bending. 

_ (5) Don’t pare connection designs to the bone! 

Estimate the maximum amount of probable 
field error and design the connection for 
it. If possible, provide a second line of 
defense. Try to make connections as fool¬ 
proof as possible. Allow as much room as 
possible for field tolerances. 

_ (6) Where possible, locate con¬ 
struction joints at a point of 
low beam shear and locate 
connections where loads 
transmitted through the con¬ 
nection are a minimum. 

_ (7) Consider the prying, levering, or twisting 

action in connections. Consider the effects 
of connection eccentricities on the mem¬ 
bers themselves. 

_ (8) Consider the effects of shrinkage or other 

lateral movement. 

_ (9) Use care in stack¬ 
ing beams and 
girders on top of 
columns, particu¬ 
larly deep beams mcoL. 

and girders that <3 

want to overturn. 

Provide bracing. 

_ (10) Consider using shop over field connections, 

when possible, because they are done under 
more favorable conditions. 

7. Rules of Thumb’ for Estimating Structural Sizes (Span - 

to-Depth Ratios ): Most rules of thumb for structural esti¬ 
mating are based on span-to-depth ratios. First select likely 
spans from structural systems (page 147). Then, the span in 
feet or inches is divided by the ratio to get the depth in either 
feet or inches. The higher the number the better. 

Example: If ratio is 8 and span is 8 ft, then depth is 1 ft. 

















Structural Systems 169 


Ratios for Typical Elements: 

Beams and joists of all kinds range from 10 to 24. Use 
lower ratios for heavy or concentrated loads. The ratio 
of 20 is a good all-purpose average for steel, wood, and 
concrete. 


B>EAM P£PTH 


efAN 


Cantilevered beams: In 
general, the optimal 
length of a cantilever 
is one-third the sup¬ 
ported span. 

Columns: The ratios of 
unbraced length to 
least thickness of most 
column types range 
from 10 to 30, with 20 
being a good average. 

Slabs: Reinforced con¬ 
crete slabs of various 
types have ratios 
ranging from 20 to 35, 
with 24 being a good 
average. 





Trusses of various types 
and materials have 
ratios ranging from 
4 to 12. The lower 
ratio is appropriate for 
trusses carrying heavy 
floor loads or concen¬ 
trated loads. The ratio 
8 is a good average for estimating roof trusses. 



For more specific ratios based on materials and specific 
types of structural elements, see pp. 285, 307, 331, and 
353. 
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_J. ENERGY: Passive and Active 

Approaches to Conservation 

© © © © © 

_ 1. Building Type 

All buildings produce internal heat. All buildings are 
affected by external loads (heating or cooling) based on the 
climate and internal loads (heat from equipment, lights, 
people, etc.). Large commercial buildings tend to be inter¬ 
nally dominated. Residences or small commercial buildings 
tend to be the exact opposite. 

_ 2. Human Comfort 

The comfort zone may be roughly defined as follows: Most 
people in the temperate zone, sitting indoors in the shade in 
light clothing, will feel tolerably comfortable at tempera¬ 
tures ranging from 70° to 80° F as long as the relative humid¬ 
ity lies between 20% and 50%. As humidity increases, they 
will begin to become uncomfortable at lower and lower 
temperatures until the relative humidity reaches 75% to 
80%, when discomfort at any temperature sets in. But if 
they are sitting in a draft, the range of tolerable temperature 
shifts upward, so that temperatures of 85°F may be quite 
comfortable in the 20% to 50% relative humidity range, if 
local air is moving at 200 ft/min. Indoor air moving more 
slowly than 50 ft/min is generally unnoticed, while flows of 
50 to 100 ft/min are pleasant and hardly noticed. Breezes 
from 100 to 200 ft/min are pleasant but one is constantly 
aware of them, while those from 200 to 300 ft/min are first 
slightly unpleasant, then annoying and drafty. See psychro- 
metric chart on p. 175 for passive and active strategies. 

_ 5. Climate 

In response to a climate, if a building is to be designed for 
“passive” (natural) strategies, it is important to determine 
the demands of the climate. Is the climate severe (for either 
heating or cooling, as well as humidity) or temperate? 
Which predominates, heating or cooling? Is the climate wet 
or dry? Once the climatic demands are determined, what 
climatic elements are available to offer comfort relief? Is 
sun available for winter heating? Are breezes available for 
summer cooling? 

In the United States there are roughly four basic climate 
zones, as shown on the map on p. 174. Climatic profiles of 
four cities that represent these zones are plotted on psy- 
chrometric charts (see pp. 176 through 179) suggesting 
strategies that can be used in a “design with climate” 
approach. Note that the cities (except New York) are 
extremes of their zones. Also on these pages are added the 
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solar load diagrams, whose outside rings indicate air tem¬ 
perature (each line 2°F higher) and arrows indicating total 
clear sky (direct and diffuse) radiation impacting the sides 
of a building (each arrow reprenting 250 BTU/SF/day). 
At the bottom of the page the solar loads are expressed in 
numerical values. 

In determining passive and energy conservation strate¬ 
gies for a building in an unfamiliar climate consult App. B 
to make the following determinations: 

_ a. If two-thirds of the heating degree days (HDD) 

exceed the cooling degree days, winter heating will 
need to be the predominant strategy or a major con¬ 
sideration. 

_ b. If cooling degree days (CDD) are greater than two- 

thirds of the heating degree days, summer cooling 
should be the major strategy or consideration. 

_ c. If two-thirds of the heating degree days roughly 

equals the cooling degree days, both winter heating 
and summer cooling will be needed strategies 
though these will be likely temperate climates. 

_ d. When heating degree days exceed 6000, a severely 

cold climate will have to be designed for. 

_ e. When cooling degree days exceed 2000, a severely 

hot climate will have to be designed for. 

_ f. When annual average evening relative humidity 

exceeds 80% and rainfall averages 40"/yr, or more, an 
extremely humid climate will have to be designed for. 

_ g. When annual average evening relative humidity is 

less than 65% and rainfall averages 15"/yr, or less, an 
extremely dry climate will have to be designed for. 

_ h. When annual winter sunshine exceeds 50%, passive 

winter heating may be a good strategy, if needed. 
Summer shading will be an important factor in a hot 
climate. 

_ i. In the continental United States, winds generally 

blow from west to east. Warm breezes born in the 
Caribbean or mid-Pacific usually arrive from the 
southwest, while cold fronts arriving from the arctic 
tend to blow from the northwest. Most locations in 
the United States have annual average daily wind 
exceeding 5 mph, so natural ventilation as a means 
of cooling may be a good strategy, if needed. See 
Item R, Appendix B, p. 638. The site wind speeds 
are generally less than NOAA data, usually collected 
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EXAMPLE : 


PR06LSM? P&TEKM1NE. LIKELY "PAbblVE" 4 ENERGY 
CONSERVATION 6>TRATE6ia<5> FORA &DILP' 
INC, BITE- IK] AL&UOOROUE/WEW MEXICO, 

SOLUTION? 

1. CLIMATE e>TlRATE6-IEe> > 

CHECK STRATECrlEB STARTlNCr OKI R 171 A&A.INBT 
OUMAF£ OATA IN APPENPIX & ON R4B7CUN& 24 
FOR ALBUQUEPOUE.) 

a-, winter heatinc- c afp. e>, items l 4 M) 

644 x 4414 HPP = 2TIS = Z°\V»>WVV > I2B4 CW) 
b. THROUGH f . CO WOT APPLY TO ALBUOUEROUE, 
g, 17KY CLIMATE C APP- e>, ITEMS J#0). 

V?. SUNSHINE FOR WINTER HEATNO CArp &, 

ITEM K), 

L. DEE geCEZEP? FOR COOUNlC IN MIUP SUMMERS. 
NUMMARY; 

EVEN THOD&H AL&UO DEPOD £ lb A PESEKT WITH 
ONLY a“ OF RAikI PER YEAR ClTEMI); CV& TO ITS 
ELEVATION OF 53 lO 1 ClTSM 15), IT HA5 MIW7 SUMMERS 
WHERE MATOKAL BREEZES MAY HeuPOJPUNO-, its WIN¬ 
TERS FEOUlRE HeATlNC-. I3ECA14E OF THE LAB5E. 
AMOUNT OF YEARLY SUNSHINE. OF 74^ CHEM K\ 
PASSIVE SOLAR H6ATIH5- 14 A VERY Lt KELY STeATBS-Y 
T2> USE, 


2, STgAT&S-IES? (DSIN6 CH£CLL/Sf ON R t&o): 

Foe winter, h E/m no, conouter. passive. solar, 
(A) 4 (H), + (141 THKOU 6 H ( 21 ), 

FOR BUMMER COOLiNO- CONSIPER. NATURAL BREEZE 
C4B> THECOOH (B4). 
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at airports. But this may also be a problem if in a 
cold climate. 

j. Microclimates at specific sites can vary from the 
overall climate due to: 

_ (1) Large bodies of water (10°F milder). 

_ (2) Built-up area (5°F warmer). 

_ (3) Elevation (5°F cooler for each 1000 ft rise). 

_ (4) Land forms: Tops of hills receive wind. Val¬ 
leys get cool in evenings. Breezes rise up 
slopes in day and descend in evenings: 
South slopes receive most year-around sun; 
north, the least, with east and west slopes 
the most summer morning and afternoon 
sun. 

_ (5) Ground: The more heat a ground surface 

absorbs during the day, the warmer the air 
is at night. Light surfaces are cooler and 
more reflective than dark. Also, an area in 
sun will be about 12° warmer than in shade. 

k. The three-tier approach to conservation: 


Heating Cooling Lighting 

1. Conservation Heat avoidance Daylight 

2. Passive solar Passive cooling Daylight 

3. Heating Cooling Electric 

equipment equipment lighting 


4. Checklist for Passive Building Pesian (Strategies for 
Energy Conservation): 

Note: During design, develop an energy strategy based on 
the needs (building type) and location, as previously dis¬ 
cussed. For instance, it might be a tightly sealed, minimum¬ 
surfaced box to withstand the winters in Minneapolis, or it 
might be an open design to take advantage of sea breezes in 
Miami, or it might be a maximum-shade layout to avoid 
summer sun in Phoenix, or it might be a combination of 
winter and summer strategies for a temperate zone such as 
New York City (and most of the United States). Use this 
section to remind you of things that might be added to your 
design. Many of the following items conflict, so it is impossi¬ 
ble to choose all. 

X Cold climate or winter 

X Hot climate or summer 




Energy 181 


Windbreaks: Two climatic design techniques serve the func¬ 
tion of minimalizing wind exposure. 

_ (1) Use neighboring land forms, structures, or 

vegetation for winter wind protection. 



(2) Shape and orient building shell to minimize 
wind turbulence. 



_ (3) When structure is fully exposed to cold 

winds up the design temperature by: 

Roofs x 1.6 
Walls x 1.3 

Plants and water: Several techniques provide cooling by the 
use of plants and water near building surfaces and evapora¬ 
tive cooling. 

_ (4) Use ground cover and planting for site 

cooling. 

_ (5) Maximize on-site evaporative cooling; 

ocean or water zones, such as fountains, 
modify climate 10°F. 

_ (6) Use planting next to building skin. 

_ (7) Use roof spray or roof ponds for evapora¬ 
tive cooling. 

Indoor/outdoor rooms: Courtyards, covered patios, sea¬ 
sonal screened and glassed-in porches, greenhouses, atri¬ 
ums, and sunrooms can be located in the building plan for 
summer cooling and winter heating benefits, as with these 
three techniques. 
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(8) Provide outdoor semiprotected areas for 
year-round climate moderation. 



(9) Provide solar-oriented interior zone for 
maximizing heat. 


.. NORTH SOFTER ZONE. 
/ AT COUOCUWtfi- 



-&0PFEfAZON&5> 
AT EAST $ Wg‘5>T 


_ _ (10) Plan specific rooms or functions to coin¬ 
cide with solar orientation (i.e., storage on 
"bad” orient such as west, living on "good” 
such as south). 

Earth sheltering: Techniques such as using earth against the 
walls of a building or on the roof, or building a concrete 
floor on the ground, have a number of climatic advantages 
for winter insulation and wind protection, as well as for 
summer cooling. 
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(11) Recess structure below grade or raise 
existing grade for earth-sheltering effort. 



(12) Use slab-on-grade construction for ground 
temperature heat exchange. See p. 368 for 
perimeter insulation. 



_ _ (13) Use sod roofs (12" of earth will give about 

a 9-hour time lag). 

_ (14) Use high-capacitance materials at interi¬ 
ors to store “coollh.” Works best with 
night ventilation. 

Solar walls and windows: Using the winter sun for heating a 
building through solar-oriented windows and walls is cov¬ 
ered by a number of techniques, listed as follows. 
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(15) Maximize reflectivity of ground and 
building surfaces outside windows facing 
winter sun. 



Cold Hot 

_ (16) Shape and orient building shell to maxi¬ 
mize exposure to winter sun. Glass needs 
to face to within 15 degrees of due south. 

_ (17) Use high-capacitance materials to store 

solar heat gain. Best results are by distrib¬ 
uting “mass” locations throughout interior. 
On average, provide 1 to 1 / CF of concrete 
or masonry per each SF of south-facing 
glass. For an equivalent effect, 4 times more 
mass is needed when not exposed to sun. 
Do not place carpeting on these floor 
areas. 

_ (18) This same “mass effect” (see 17) can be 

used in reverse in hot, dry (clear sky) cli¬ 
mates. “Flush” building during cool night 
to precool for next day. Be sure to shade 
the mass. A maximum area of up to 2"- 
thick clay, concrete, or plaster finishes 
work best. The night average wind speed is 
generally about 75% of the average 24- 
hour wind speed reported by weather 
bureaus. About 30 air changes per hour is 
an adequate rate to cool the building. 

__(19) Use solar wall and/or roof collectors on 

south-oriented surfaces (also hot-water 
heating). Optimum tilt angle for roof 
solar collectors is equal to latitude of site 
(+/- 15°). See p. 541. 
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(20) Maximize south-facing glazing (with over¬ 
hangs as needed). On average, south-fac¬ 
ing glass should be 10 to 25% of floor 
area. For north latitude/cold climates this 
can go up to 50%. For south latitude/hot 
climates this strategy may not be appro¬ 
priate. 

(21) Provide reflective panels outside of glaz¬ 
ing to increase winter irradiation. 



_ (22) Use skylights for winter solar gain and 

natural illumination. See p. 569. 

Thermal envelope: Many climatic design techniques to save 
energy are based on insulating the interior space from the 
exterior environment. 
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(23) Minimize the outside wall and roof areas 
(ratio of exterior surface to enclosed vol¬ 
ume). Best ratios: 

2-story dome—12%; 2-story cylin¬ 
der—14% 

2-story square—15%; 3-story 
square—16% 

1-story square—17% 

(24) Use attic space as buffer zone between 
interior and outside climate. Vent above 
ceiling insulation. See p. 363. 



Cold Hot 

_ (25) Use basement or crawl space as buffer 

zone between interior and ground. See p. 
368 for insulation. Provide drainage sys¬ 
tems around perimeter to keep soil dry 
(and thus a higher R value). 

_ _ (26) Provide air shafts for natural or mechani¬ 
cally assisted house-heat recovery. This 
can be recirculated warm at high ceilings or 
recovered heat from chimneys. 
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(27) Centralize heat sources within building 
interior. (Fireplaces, furnaces, hot water 
heater, cooking, laundry, etc.) Lower 
level for these most desirable. 

(28) Put heat sources (HW, laundry, etc.) out¬ 
side air-conditioned part of building. 

(29) Use vestibule or exterior “wind shield” at 
entryways. Orient away from undesirable 
winds. 



(30) Locate low-use spaces, storage, utility, and 
garage areas to provide buffers. Locate at 
“bad” orientations (i.e., on north side in 
cold climate or west side in hot climate). 

(31) Subdivide interior to create separate heat¬ 
ing and cooling zones. One example is 
separate living and sleeping zones. 



^w2>NE. X Z=£>NE -2 
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(32) Select insulating materials for resistance to 
heat flow through building envelope. For 
minimum insulation recommendations, see 
p. 194 and/or guidelines by ASHRAE 
90A-80. If walls are masonry, insulation is 
best on outside. 



(33) Apply vapor barriers to control moisture 
migration. See p. 365. 

(34) Use of radiant barriers. See p. 367. 

(35) Develop construction details to mini¬ 
mize air infiltration and exfiltration. See 
p. 385. 

(36) Provide insulating controls at glazing. 
See section entitled “Glass,” starting at 
p. 407. 
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_ _ (37) Minimize window and door openings 

(usually N [for cold climates], E, and W). 

_ _ (38) Detail window and door construction to 

prevent undesired air infiltration and 
exfiltration. See p. 390 for doors and p. 
395 for windows. 

_ _ (39) Provide ventilation openings for air flow 

to and from specific spaces and appliances 
(such as cooking ranges and fireplaces). 
See p. 438 for fireplaces. 

Cold Hot 

Sun shading: Because the sun angles are different in sum¬ 
mer than in winter, it is possible to shade a building from 
summer sun while allowing sun to reach the building sur¬ 
faces and spaces in the winter. 

_ (40) Minimize reflectivity of ground and build¬ 
ing faces outside windows facing summer 
sun. As an example, a south-facing wall 
will receive an additional half of its direct 
solar gain from a concrete slab outside. 
Reduced paving and maximized landscap¬ 
ing will minimize solar reflection. 

_ (41) Use neighboring land forms, structures, 

or vegetation for summer shading. 

eouTH e>ip£. EA<yr 4 we.£>t EAer, wsft>T, oe. 

-2>l ott? -SOUTH ‘S>IP£.e> 
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(42) Shape and orient building shell to mini¬ 
mize solar exposure. Best rectangular pro¬ 
portions are 1 (east and west) to between 
1.5 and 2 (north and south). 

N 

T 


i 


I '4 To -2. 

(43) Provide shading for walls exposed to sum¬ 
mer sun. For landscaping, see p. 267. 

(44) Use heat-reflective materials on solar- 
oriented surfaces. White or light colors 
are best. 

(45) Provide shading for glazing exposed to 
sun. For south-facing walls, at 50° latitude, 
most references recommend a shade angle 
of 60° (from the horizon). For each 5° of 
decreasing latitude, the angle increases 5°. 
But this rule would not apply to locations 
of extended overheated seasons, such as 
Miami and Phoenix, where the angle 
should be more like 45°. Also see p. 451. 
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Natural ventilation: A simple concept by which to cool a 
building. 

_ (46) Use neighboring land forms, structures, 

or vegetation to increase exposure to 
breezes. 



(47) Shape and orient building shell to maxi¬ 
mize exposure to breezes. Long side 
should face prevailing breeze within 20 to 
30 degrees. 

(48) Use “open plan” interior to promote air 
flow. 



(49) Provide vertical air shafts to promote 
interior air flow. Also see (26). 
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(50) Use double roof and wall construction for 
ventilation within the building shell. 



(51) Locate and size door and window open¬ 
ings to facilitate natural ventilation from 
prevailing breezes. For best results: 


Windows on opposite sides of rooms. 

Inlets and outlets of equal size giv¬ 
ing maximum air change. 

A smaller inlet increases air speed. 
However, adequate airflows can 
be maintained for anywhere from 
40/60 to 60/40 splits between inlets 
and outlets. Window sizing can be 
roughly figured by taking the 
building volume x 30 air changes/ 
hour. Then, to get total airflow, 
take the average wind speed in 
miles/hour, convert it to feet/min. 
(x 5280 -4- 60). Divide desired air¬ 
flow by wind speed to get inlet 
area. However, the wind speed 
will be reduced if its angle to the 
inlet is less than 90° by a factor of 
1 to 3.5 up to a 70° angle. Further¬ 
more, the interior wind speed will 
be further reduced by screens and 
awnings ranging from 15 to 35%. 


(52) Use wing walls, overhangs, and louvers to 
direct summer wind flow into interior. 

(53) Use louvered wall for maximum ventila¬ 
tion control. 

(54) Use operable roof monitors for “stack 
effect ventilation.” Also see (26). 
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Cold Hot 

_ (55) Often fan power is needed to help ventila¬ 
tion cooling. See 5 a (below). 

5. Checklist for Active Buildi na Pesian (Strategies for Energy 
Conservation) 

_ a. Whenever possible, use fans in lieu of compressors, 

as they use about 80% less energy. In residential, 
this may take the form of “whole-house” fans to 
cool the building and ceiling fans to cool people in 
specific locations. Also see o, below. 

_ b. Design for natural lighting in lieu of artificial light¬ 
ing. In hot climates or summers, avoid direct sun. 
See p. 569. 

_ c. Lighting consumes about 8% of the energy used in 

residences and 27% in commercial buildings nation¬ 
wide. Use high-efficiency lighting (50-100 lumens 
per watt). See Part 16A. Provide switches or con¬ 
trols to light only areas needed and to take advan¬ 
tage of daylighting. See Part 16B. 

_ d. Use gas rather than electric when possible, as this 

can be up to 75% less expensive. 

_ e. Use efficient equipment and appliances 

_ (1) Microwave rather than convection ovens. 

_ (2) Refrigerators rated 5-10 kBtu/day or 535- 

1070 kwh/yr. 

_ f. If fireplaces, use high-efficiency type with tight-fit¬ 
ting high-temperature glass, insulated and radiant- 
inducing boxed with outside combustion air. See 
p. 438. 

_ g. Use night setback and load-control devices. 

_ h. Use multizone HVAC. 

_ i. Locate ducts in conditioned space or tightly seal and 

insulate. 

_ j. Insulate hot and cold water pipes (R = 1 to 3). 

_ k. Locate air handlers in conditioned space. 

_ /. Install thermostats away from direct sun and supply 

grilles. 

_ m. Use heating equipment with efficiencies of 70% for 

gas and 175% for electric, or higher. 

_ n. Use cooling equipment with efficiencies of SEER = 

10, COP = 2.5 or higher. 

_ o. Use “economizers” on commercial HVAC to take 

advantage of good outside temperatures. 

_ p. At dry, hot climates, use evaporative cooling. 
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_ q. Use gas or solar in lieu of electric hot water heating. 

Insulate hot water heaters. For solar hot water, see 
p. 525. 

_ r. For solar electric (photovoltaic), see p. 616. 

_ s. For some building types and at some locations, util¬ 
ities have peak load rates, such as on summer after¬ 
noons. These peak rates should be identified and 
designed for. Therefore, designing for peak loads 
may be more important than yearly energy savings. 
In some cases saving energy and saving energy cost 
may not be the same. Large buildings sometimes 
use thermal storage systems, such as producing ice 
in off-peak hours to use in the heat of the day. These 
systems work best in areas with large daily and 
yearly temperature swings, high electricity costs, 
and big cost differences between on- and off-peak 
rates. 

_ t. HVAC system as a % of total energy use: 

Residential 

Cold climate 70% 

Hot climate 40% 

Office 

Cold climate 40% 

Hot climate 34% 

_ u. TBSs (total building management systems) con¬ 
serve considerable energy. 

6. Energy Code (ASHRAE 90A—1980). For U values, see p. 

368. 

_ a. Although there are more current national energy 

codes, these envelope guidelines, based on the old 
ASHRAE 90A, should help the designer determine 
if a preliminary design is in the “ballpark.” These 
rules of thumb are for building envelope only. 
Should the walls fail to meet code requirements, the 
roof can be made to compensate, and vice versa. 
Should these rough preliminary calculations fail, 
this may indicate that either the design is poor from 
an energy conservation standpoint or that other fea¬ 
tures (such as passive heating) need to be consid¬ 
ered by more stringent calculation or computer 
modeling. 

Use the following steps to roughly check for com¬ 
pliance: 

_ b. Approximate compliance can be checked by using 

the following formulas: 
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OTTVw 


OTTVr 


_ (1) For Walls, Winter Heating: 

(Uw t x AWi) + (Ugi x Agi) + (Udi x Ad^ 
Aw 

_ (2) For Walls, Summer Cooling: 


(Uw! x Aw! x Tdeg) + (Agi x SFi x SQ) + (Ugi x Agi x 0t) 

Aw 

_ (3) For Roofs, Winter Heating: 

Ur _ ( Uri x Ari ^ + ( Ugl x Agl ) 

A-Xotal Roof 

_ (4) For Roofs, Summer Cooling: 

(Uri x Ari x Tdeg) + (138 x Agi x Sci) + (Ugi x Agi x 0t) 

Total Roof 

where: 

Uw, Ur are the overall wall and roof U 
values. 

OTTVw and r are the overall wall and roof 
cooling thermal transfer values. 

Uwi, Uri are the U values of the wall and 
roof components. 

Awi, Ari are the areas of the solid wall and 
roof components. 

Ugi, Agi are the U values and areas for 
glass. 

Udi, Adi are the U values and areas for 
doors. 

HDD = Heating degree days. 

TDEQ = Temp, difference factor for ther¬ 
mal mass. See p. 369 for wt. of 
materials. See Figure 4 for values. 

SF = Solar factor. See Figure 5. 

SC = Shading coefficient of glass. See 
pp. 407 and 411. 

0t is the difference between summer dry- 
bulb temperature found in App. B. item 
Q and 78°F indoor temperature. 

Note: Where more than one type of wall, 

roof, window (or skylight) is used, each U 

and A term in formulas must be expanded 

(i.e., U 2 , A 2 , etc.) and totaled. 
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c. Determine building type 

_ (1) Type A-l is 1- and 2-family residential 

dwellings. 

_ (2) Type A-2 is all other residential buildings of 

3 stories and under, including hotels and 
motels. 

_ (3) Type B is all other buildings. 

d. The values determined in b, above, must equal or be 
less than one-half the values in the graphs on pp. 
197 and 198. The one-half factors in because current 
codes are more stringent than the old ASHRAE 90- 
A. For HDD and CDD, see App. A, items L and M. 
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4-. WALL CJO\¥i> T. (u&e>/6F) 
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6. TYPE A HDD dirt ikoosArtwtt ROOF/CL'G. 


4££ EXAMftfi, 

f. 212 



HDD C1M THOU6AKIPe> FLOORS 
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Check compliance: 

_ (1) Type A-l and 2 buildings: 

_ (a) Heating, walls: 

Calculate, using Formula (1), to 
insure that designed value is A or 
less of the value in Figure 1. 

_ ( b ) Heating, roof: 

Calculate, using Formula (3), to 
insure that designed value is A or 
less of the value in Figure 2. 

_ (c) Heating, floors over underheated 

spaces: 

Calculate, using Formula (2), to 
insure that designed value is A or 
less of the value in Figure 9. 

_ ( d ) Slabs on grade must conform to 

value shown in Figure 10 for 
perimeter insulation. 

Note: ASHRAE 90-A never re¬ 
quired A-l and 2 buildings to check 
for summer cooling, but you can 
check for cooling by using (c) and 
( d ) below. 

_ (2) Type B buildings: 

_ (a) Heating, walls: 

Calculate, using Formula (1), to 
insure that designed value is A or 
less of the value in Figure 2. 

_ ( b ) Heating, roof: 

Calculate, using Formula (3), to 
insure that designed value is A or 
less of the value in Figure 7. 

_ (c) Cooling, walls: 

Calculate, using Formula (2), to 
insure that designed value is A or 
less of the value in Figure 3. 

_ ( d ) Cooling, roof: 

Calculate, using Formula (4), to 
insure that designed value is 4.25 or 
less. 

_ ( e ) Same as 1(c) above. 

_ (/) Same as 1(h) above. 
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EXAMPLE: 


PS96USM: A &UILP/N6- OF A RESORT IS 8£|M&* AS¬ 

SIGN EP R5^ A MOUNTAIN SITE. IN CUOZAPO 
SPRIN6S>, COLO RA GO. CHECET06EE IF THE. 
PKEUMlNAKY PESI6N,, ©MOWN BELOW, APffeAES 
TO &£ EN&K6Y EFFICIENT. 



pata* 

LATITUDE J 35°-& CP<2>4o) 
H(?P*634-<£> CP640 
WALL: U-OAl, AEEA - TOOSF 
WlNt70VJ'WALLi CC7.6.J = L)= 0.5 

XV? EA- 720AT 
RCOF « U= C.OZiS, AREA = 127JET 

SOLUTION* (TYPE & &UILPIN6A>, P. ITT) 
ct. HEATIN&, WALLS?; 


note; 

PI6KESAKP PBO03. 
ASSUME A 
TYPE & 

I3UIU7IN6-. 


t7CSI4NEI7 ; CFOEMULA (1) ON P ITS) 

UyJ s (UyJ X Au>) + (Uq X Aq) 

A OF TOTAL WALL- 
- CO-11 * °> 0O 'l * * 720) _ 

OO +7 20 


KEOOiEEP; FISOEE 2 CP IT7) * 0.26+2-0.14 

R35&LEM f S P&SkSNEX? IS Hl6f*ER TNAN ReO’P- 


Is; HEATlNfr, KOoF-' 

C7S&14N&P: CFOiEMULA ON P, ITS) 


U = U r xAys - 
r "atotalkoof - 


O.Q2S X 1276 

127^ 


= O.OZ'S 
-CONTI NOEO- 
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ReOUlREP', Ffc&URE 7 (P.2IO) = 0.07242* O.OZTB 
OK, PEfolGHEP ie» LEfrfr THAN KEOUlKEP 

C, COOLING, WALte>; 

2£^I6NE^5 (FOKHULA 2 OM P. 1*15) 

OtTVw =■ fUW|<Avt| xTPea^fA^xSFxSCQ-KUjXAq *Afc) 

AREA of Total. WALL 

WHERE J Tt?g® = 43 CB& I3*/6F Wt 

6F- US F&R 36°-5 M. LAX (FIG. 3) 

ec a o FOR N. GLAB^ 4 0.5 -FOR 3. OA45 

cewstfu&j. aa an aver. ^ 0.25 
At =^|°F C«e APR P, ITEM G,P.G4l) 
L£35T3°F (IMCCOK.-mHf?') =» I3_ a 
*• (0026 * ‘TOO x.4-3) 4 (720 * 123 * O.Z&)+(O.OZ5* 72d*i^ 

“lOO ■+ 720 

^^^^■‘(FliSOieE 3, P.l 1 ^)- 33 4 2 - 16.3 
O.K; PE^ICNEP l^ L£53 THAN 

d. CCOUN6, RCOF'- 

PE3l4NEt? • (FORMULA 4-, P. I 0 !© ), MO CLAGG? 

OTTVr - (Ur X Ar xTPea) _ O.QVi> * ill3 %43 
AREA OF ROOF 127% 

* 1.075, 

RgQUllgEP i 8.5 4 2 = 4.23 

ok= te^ie-neo >4 ies>£ -mm requirer 

e, KJ/A (MO FUMfS. AREA AEWE Alft). 

UMH6ATBP 3tA& : FROM PGI)R£ 10 CP. 1*18), GLA& 

13 PEO'P? TO HAVE K- 5.23 
PERIMETER INSOLATION, 

CONCLUSION: 

E.VE-PV ELEMENT HA5 FASSEP EXCEPT R3R THE WAUA 
poring Winter heating. tr3 shook? Mot ee euprpis- 

iNG GIVEN ALL THE CU3£ IN 30CH-A CPU? CLIMATE. 

- CONTINUER — 
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POESi&te OPTIONS 

1, LOWER U VALUE OF C-LAAS-' 

uee u>w e, pouble sla-zep w/k = m cb4[[\ 

3 Wi* = °^ 2 - 

KEWOFK FORMULA I 

Uw* £o.ll)(4flo) F fc.32>(72o) _ 0,2> 0.14 
HOD + 720 STILL FAIL'? 

2, bwa? U VALUE STILL FURTHER. (SEE PS68). 

3, t?Et?UCE GLASS AREA. 

4, UP<?tAt?E POOP ANP/oR OPAQUE WALL lil 18 MAKE 
OF FOR GLASS'. 

5 account fop other. faltors, such as ‘bvpSive 1 

SOLAR HEATING- CCALCUlATKOG 7WS IS BEPONP THE 

scop i= of this boor, except for the previous* 

PULES OF THUMB*), THIS MAYBE REALISTIC COhl- 
Blt/ERlNG- TWE SITE GETS 63% SUN (SE£ AFP 
fP, ITEM K, P.640) WHICH 16 ABOVE SO'/! Ce>££ 
ITEM 20 ; F 1850 AMP TH5 BLAB ON GRAPE fA$- 
SUMlNG NO CARPET) ASSORIB THSBUNS HEAT 
(SEE ITEM 17, P.184). SOT THIS APPROACH WOULP 
PeoaABi.'f REGUIRE A COMPUTER. SIMULATION TO 
PROVE- COMPLIANCE IF AM EWERSY COPE WERE IM 
EFFECT AT THIS LOCATION- 
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ENERGY CONVEfrSlOH FACTOR 


FUEL 

COAL 

00) 

OIL 

(641.) 

EAe 

(thspm) 

ciecre* e** 

(KWH) a® 

501A3? 

(*suA?e) 

OAL Curt 

!46oo 

3TU 

0.160 

0.14* 

4.« 

3,-7* 

0.467 

CXL (6A^) 

0.2* 

qi ooo 
0TD 

1.21* 

26.67 

23.27 

3.03? 

6A£ (thescM) 

9.W 

0.8Z4 

7*ooo 

&T0 

21.47 

14.10 

2.5flo 

Biecneic c*wh) am 

0.016 

0.046 

3,413 
0TU 

0.87 

0.114 

CAfc Cu» 

OA 66 

a 04? 

0.071 

M* 

3410 

©TO 

0.130 

60tA^^oAe£) 2.05* 

0.330 

0,400 

8.74 

767 

3a ooo 
e-Tu 
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_K. GREEN ARCHITECTURE (SUSTAINABLE 

BUILDINGS) v 



Green architecture is a whole-systems approach, utilizing design 
and building techniques to minimize environmental impact and 
reduce a building’s energy consumption while contributing to the 
health of its occupants. “If brute force doesn’t work, you’re not 
using enough of it” has been the typical American approach. The 
green movement takes the opposite approach. 

_ 1. General 

_ a. Save energy: Ongoing energy use is the single great¬ 
est source of environmental impact from a building. 
See “Energy,” p. 171. 

_ b. Recycle buildings: Reuse existing buildings and 

infrastructure instead of developing open space. 

Note: Unfortunately, it is often less expensive to 
remove existing old buildings and build anew than 
to preserve but refurbish, in order to bring the old 
buildings up to the latest codes. 

_ c. Create community: Design communities to reduce 

dependence on the automobile and encourage alter¬ 
native transportation, including walking. 

_ d. Reduce material use: Optimize design to make use 

of smaller spaces and utilize materials efficiently. 
_ e. Protect and enhance the site: Try to work with exist¬ 
ing grades and landscaping rather than bulldozing 
the site. 

_ f. Select low-impact materials: Buildings account for 

about 40% of the material resources flowing 
through the economy. Specify low-environmental- 
impact resources and efficient materials. Most envi¬ 
ronmental impacts associated with building 
materials occur before installation. Raw materials 
have been extracted from the ground or harvested 
from forests. Pollutants have been emitted during 
manufacture, and energy has been invested during 
production. Avoid materials that generate pollu¬ 
tion, are not salvaged from other uses, deplete lim¬ 
ited natural resources, or are made from toxic or 
hazardous constituents. Specify materials with low 
embodied energy used in extracting, manufacturing, 
and shipping. 
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NKTEttAl* UPE CiCVt 


) inputs inputs inputs- inputs 

>|<* st* 4» 



4* sX* 


OUTPUTS- OUTPUT* OUTPUT 1 ? OUTPUT* 

- cu&e& uoo? ? —- 1 

_ g. Maximize longevity: Design for durability and 

adaptability. The longer a building lasts, the longer 
the period over which to amortize its environmental 
impacts. Specify durable, nondecaying, easily main¬ 
tained, or replaceable materials. Design for adapt¬ 
ability (new building uses). 

_ h. Save water: Design buildings and landscape that use 

water efficiently. 

_ i. Make buildings healthy: Provide a safe, comfortable 

indoor environment. Over 60,000 commercial 
chemicals are in use that were unknown 40 years 
ago. Many common building materials and products 
produce harmful off-gases. 

_ j. Minimize construction and demolition waste: Re¬ 
turn, reuse, and recycle job site waste. 

2. Site 

_ • Minimize impervious paving materials. 

_ • Use asphalt with recycled tire and coating products. 

_ • Use recycled brick, stone, or rubber aggregate surfac¬ 
ing. 

_ • Use walk, road, and parking appurtenances made of 

recycled plastics and rubber. 

_ • Use fences and gates of recycled plastic and fiber¬ 
glass. 

_ • Use site furnishings of recycled or salvaged plastics or 

wood. Materials may be of a toxicity that might not 
be acceptable inside buildings. 

_ • Use soil and native plants (or special filtration prod¬ 
ucts) to pretreat runoff from paved areas. 

_ • Do rainwater harvesting (collect and reuse rainwater 

that falls on roofs and site). See (15). 
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_ • Use landscape edging made of recycled plastics and 

tires. 

_ • Nontoxic termite treatment. 

_ • Use pilings of recycled plastics. 

_ • Use geotextiles for slope stabilization. 

_ • Use environmental septic systems (nutrient removal). 

_ • Build “natural” swimming pools. 

_ • Use organic fertilizers, compost from the site, or 

hydromulching from recycled paper. 

_ • Use native plants that require minimum water and 

drip irrigation or none at all. 

_ • Use lawns and ground covers that require no mowing. 

_ • Use salvaged or recycled landscape timbers. 

3. Concrete 

_ • Use recycled form products. 

_ • Use autoclaved aerated concrete. 

4. Masonry 

_ • Where appropriate, use strawbale for walls. 

_ • Where appropriate, use sundried (adobe) or earth 

(rammed) from site excavation. 

_ • Use clay bricks with toxicity burned out. 

_ • Use autoclaved aerated concrete or CMU. 

_ • Use site stones. 

_ • Use masonry accessories of recycled products. 

_ • Use CMU that is specially molded for better R value 

(integral insulated masonry systems). 

5. Metals 

_ • Use of metal framing in lieu of wood reduces deple¬ 
tion of timber growth and can be made from recycled 
metal. On the other hand, producing metals con¬ 
sumes more energy, and steel production pollutes. 

6. Wood and Plastic In the United States, building con¬ 
struction accounts for more than 25% of virgin timber use 
and 16% of water withdrawals. New home construction 
consumes 40% of all lumber used in the United States. A 
typical 1700-SF wood-frame home requires clear-cutting 1 
acre of forest. 

_ • Standard structural wood depletes timber growth. 

Select FSC (Forest Stewardship Council)-certified 
wood products. 

_ • Use engineered (such as TJI and TJL) joists made 

from recycled wood fiber and small trees, although 
they may off-gas if exposed in the interior. 

_ • Use structural insulated panels (SIPs). 

_ • Use nonstructural composite plastic lumber. Plastics 

are made from nonrenewable petroleum products 
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and are toxic in a fire. However, some plastic prod¬ 
ucts are made from recycled soda bottles. 

_ • Use alternative particleboard products (and OSB) 

made from recycled materials, although they may off¬ 
gas if exposed in the interior. 

_ • Some hardwoods used for interiors (such as 

mahogany) may deplete tropical forests. Instead, 
use domestic, temperate-climate hardwoods (plum, 
cherry, alder, black locust, persimmon, etc.). 

_ • Use interior veneer woods with recycled backing. 

_ • Use fiberboard millwork and prefinished panels from 

wood wastes. 

7. Thermal and Moisture Protection 

_ • Use waterproofing with minimum or no volatile 

organic compounds (VOCs). 

_ • Avoid insulation foams expanded with hydrochloro- 

fluorocarbons (HCFCs). 

_ • Avoid loose-fill insulation materials in unsealed 

spaces (minimizes air-quality problems). 

_ • For wood shingles, use FSC-certified wood. 

_ • For metal roofing, select highest recycle content and 

high-grade finish. 

_ • For membrane roofs, select products with recycled 

content. 

_ • Use fireproofing with recycled foam and newsprint. 

_ • Use reclaimed or FSC-certified wood siding. 

_ • Design green roof systems (roof plantings and gar¬ 
dens). 

_ • Select insulation with recycled products. 

_ • Avoid contact with standard fiberglass (probable car¬ 
cinogen). 

_ • For asphalt shingles, select products with recycled old 

shingles. 

_ • Avoid indoor use of sealants that may contribute to 

indoor air-quality problems. 

_ • Use shingles of recycled plastic. 

&. Doors, Windows, and Glass 

_ • Select wood doors that are salvaged or FSC-certified. 

_ • Select vinyl windows with recycled content. 

_ • Select wood, plastic, or fiberglass windows with recy¬ 
cled content. 

9. Finishes 

_ • Gvpsum board: Utilize recycled materials, synthetic 

gypsum. Collect scrap for recycling use as soil amend¬ 
ment. 
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_ • Tile work: Select recycled content material or recycle 

as mosaic or aggregate. 

_ • Acoustic ceiling panels: Utilize high-recycled-content 

materials. Utilize perlite or mineralized wood fiber to 
avoid fiber shedding. 

_ • Wood flooring: Select FSC-certified products. Select 

salvaged flooring. Select engineered flooring with 
thick-faced veneers that are able to be refinished. 
Select nontoxic, low-VOC finishes and additives. 
Consider bamboo in lieu of wood. 

_ • Resilient flooring: Select materials with low-VOC 

adhesives. Select recycled-content materials. Vinyl 
and rubber are the best green materials. 

_ • Carpet: Select materials with low VOC content. 

Avoid synthetics. Select 100% recycled-content face 
fiber and backing. Avoid synthetic latex backing. 

_ • Painting: Select low- or no-VOC products. Select the 

least toxic alternatives. Select recycled content. 

1 0. Specialties Not applicable. 

11. Equipment 

_ • Residential appliances: Select water-conserving ap¬ 
pliances with “green seal.” Select horizontal-axis 
clothes washers. Select energy-star-rated appliances. 

12. Furnishings 

_ • Select materials with organically grown plant fibers. 

_ • Select natural dyes or undyed fabrics. 

_ • Use products with FSC-certified wood. 

_ • Use refurbished furniture. 

_ • Select fibers that are naturally pest resistant. 

_ • Select recycled synthetic fibers. 

13. Special Construction 

_ • Use asbestos or lead encapsulation products. 

14. Conveying Systems Not applicable. 

15. Mechanical 

_ • Select low-flow water-efficient plumbing fixtures 

(1.6 GPF, or below, toilets). 

_ • Select compost toilet systems. 

_ • Choose cooling equipment that does not utilize 

ozone-depleting refrigerants. 

_ • Design graywater systems. 

_ • Avoid PVC piping (recycle problems). 

_ • Use domestic water-heat exchangers. 

16. Electrical Not applicable. 


















NOTE 


i 





















: 








t ! i 


























































































.j 



















i 

_ 




.. 



i 

. 








f.. 








... 



."i 

. 

I 

















— 

. 






































....... 



.. 















...,. . 








. .. J. 





1 

i 




J 

..«4 

.,.,J 


















1 















*.... 





... 


















. 


. 




















. 










.. 


































































... 

. .... 


















1 





























s 

1 
















i | 















I I 

.i. 1.. i 






















. 





























































































































































































































_ L. ACOUSTICS © © © @ © 

Sound is a series of pressure vibrations that move through an 
elastic medium. Its alternating compressions and rarefactions 
may be far apart (low-pitched), close together (high-pitched), 
wide (loud), or narrow (soft). 

All perceived sound has a source, path, and receiver. Each 
source has a size, direction, and duration. Paths can be air¬ 
borne or structure-borne. 

Sound has four quantifiable properties: velocity, frequency, 
intensity, and diffuseness. Regarding velocity , sound travels 
much faster through solids than air (and faster through warm 
air than cool air). Frequency is sound’s vibrations per second, 
or hertz (Hz). This varies according to its purity and pitch. The 
average human pitch for hearing is about 1000 Hz. Intensity is 
the power level (or loudness) measured in decibels (dB). 
Attenuation is the loss of a sound’s intensity as it travels out¬ 
ward from a source. Diffuse noise (blanket or background 
noise level) is sound emanating from a multiple of similar 
sound sources. 

There is both a positive function 
and a negative function to consider 
in acoustic design. 

The positive function is to ensure 
that the reverberation characteris¬ 
tics of a building are appropriate to 
their function. See 1 below. 

On the negative side, the task is to 
make certain that unwanted outside 
noises are kept out of quiet areas of 
the building. See 2 below. 

_ 1 . Room Acoustics 

Sound can be likened to light. Sound control uses reflection 
and diffusion to enhance acoustics in such spaces as audito¬ 
riums and sound studios, and absorption for noise control in 
more typical spaces such as offices. 

_ a. Reflection: The geometry of the room is important 

in effective sound control. Large concave surfaces 
concentrate sound and should usually be avoided, 
while convex surfaces disperse sound. 

_ b. Diffusion promotes uniform distribution of continu¬ 
ous sound and improves “liveness” (very important 
in performing arts). It is increased by objects and 
surface irregularities. Ideal diffusing surfaces nei¬ 
ther absorb nor reflect sound but scatter it. 
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c. Absorption (see table on p. 221) provides the most 
effective form of noise control. Sound pressure 
waves travel at the speed of sound (1100 fps), which 
is a slow enough velocity 
that reflections of the 
original sound-wave form 
can interfere with per¬ 
ception of the original, 
intended signal. Reverber¬ 
ation time is the measure 
of this problem. 

Sound of any kind emitted in a room will be 
absorbed or reflected off the room surfaces. Soft 
materials absorb sound energy. Hard materials 
reflect sound energy back into the space. The 
reflected sound can reinforce the direct sound and 
enhance communication if the room size and room 
surfaces are configured appropriately. Annoying 
reverberation (echoes) occur in rooms more than 30 
feet long. Echoes are stronger when the reflection 
surface is highly reflective and is concave toward 
the listener. 

The room volume and surface characteristics will 
determine the reverberation time for the room. 
Reverberation time is the time in seconds that it 
takes for a sound to decay through 60 decibels, ft is 
calculated as follows: 

0.05 x Room Volume (cf) 

Average Absorption of Room 

Desirable room reverberation times are: 

Office and commercial spaces 0.5 seconds 
Rooms for speech 1.0 seconds 

Rooms for music 1.5 seconds 

Sports arenas 2.0 seconds 

The absorption, also called noise reduction coef¬ 
ficient (NRC). of a surface is the product of the 
acoustic coefficient for the surface multiplied by 
the area of the surface. The sound absorption of a 
room is the sum of the sound absorptions of all 
the surfaces in the room. The higher the coefficient. 
the more sound absorbed, with 1.0 (complete 

absorption) being the highest possible. Generally, a 
material with a coefficient below 0.2 is considered 
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to be reflective and above 0.2 to be absorbing. Some 
common acoustic coefficients are: 


VA" glass fiber clg. panels 

1.0 

Carpet and pad 

0.6 

Acoustic tile (no paint) 

0.8 

Cloth-upholstered seats 

0.6 

An audience 

0.8 

Concrete 

0.02 

Gypsum board 

0.05 

Glass 

0.09 

Tile 

0.01 

Fabric 

0.30 


The average absorption coefficient of a room 
should be at least 0.2. Average absorption above 0.5 
is usually not desirable, nor is it economically justi¬ 
fied. A lower value is suitable for large rooms; and 
larger values for controlling sound in small or noisy 
rooms. Although absorptive materials can be placed 
anywhere, ceiling treatment is more effective in 
large rooms, while wall treatment is more effective 
in small rooms. If additional absorptive material is 
being added to a room to improve it, the total 
absorption should be increased at least 3 times to 
bring absorption to between 0.2 and 0.5. An increase 
of 10 times is about the practical limit. Each doubling 
of the absorption in a room reduces RT by Vi 


EXAMPLE.: 



WHAT ie> THE. ABSORPTION COEFFICIENT 

ANP REVERBERATION TIME FOR 

A -20' * IO‘ X S'H OFFICE WITH CARPET FLOOR, ACOUSTICTILECEIUNC- AkIO 
6YPIS>'K WALL tBUT '/•?» OF WHICH HAB SOUNP ABSORPTION MATERIAL) f 

ABSORPTION COEFFICIENT: 



FLOOR 0.<2> * lOO = 

1-20 


■Va WALL O.OE * -SEE) ■= 

IS 


Va wall o-s a ns = 

I4e 


C&ILINfr O.S a 2<*S ■= 

l&O 

440 


AVER. COEF. OF _ TOTAL ABSORIa. 

440 

absorption Total km. surface 

2<3 * q x 2 + IO KR * Z + * 20 

440 

- 0. 4-7 

O.K. 

REVERBERATION TIME = O.OB X (lOX ZC 

440 
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_ d. Other factors affecting acoustics: 

_ If a corridor is appreciably higher than it is wide, 

some absorptive material should be placed on the 
walls as well as the ceiling, especially if the floor is 
hard. If the corridor is wider than its height, ceiling 
treatment is usually enough. 

_ Acoustically critical rooms require an appropri¬ 
ate volume of space. Rooms for speech require 120 
CF per audience seat. Rooms for music require 270 
CF per audience seat. 

_ “Ray diagramming” can be a useful tool in 

sound control. As with light, the reflective angle of a 
sound wave equals its incident angle. In like man¬ 
ner, concave shapes focus sound and convex shapes 
disperse sound. 

_ Amplification: If listeners are within 110' of the 

sound source, a cluster of loudspeakers is usually 
located well above and slightly in front of the sound 
source. If some listeners are more than 110' away, 
an overhead network of small speakers, located no 
more than 35' apart, should be used. 

_ 2 . Sound Isolation 

Sound travels through walls and floors by causing building 
materials to vibrate and then broadcast the noise into the 
quiet space. There are two methods of setting up the vibra¬ 
tion: through structure-borne sound, and air-borne sound. 

Structure-borne sound is the vibration of building materi¬ 
als by vibrating pieces of equipment, or caused by walking 
on hard floors. 

Air-borne sound is a pressure vibration in the air. When it 
hits a wall, the wall materials are forced to vibrate. The 
vibration passes through the materials of the wall. The far 
side of the wall then passes the vibration back into the air. 

Noise Reduction and Sound Isolation Guidelines 

_ a. Choose a quiet, protected site. Orient building with 

doors and windows away from noise. 

_ b. Use site barriers such as walls or landscape (dense 

tree lines or hedges, a combination of deciduous and 
evergreen shrubs, reduce sound more efficiently). 

_ c. Avoid placing noisy areas near quiet areas. Areas 

with similar noise characteristics should be placed 



Acoustics 215 


next to each other. Place bedrooms next to bed¬ 
rooms and living rooms next to living rooms. 


d. As the distance from the sound source increases, 
pressure at the listener’s ear will decrease by the 
inverse square law (as with light). Therefore, sepa¬ 
rate sound sources by distance. 

e. Orient spaces to minimize transmission problems. 
Space windows of adjoining apartments max. dis¬ 
tance apart. Place noisy areas back to back. Place 
closets between noisy and quiet areas. 

f. Massive materials (concrete or masonry) are the 
best noise-isolation materials. 

g. Choose quiet mechanical equipment. Use vibration 
isolation, sound-absorbing duct lining, resilient pipe 
connections. Design for low flow velocities in pipes 
and ducts. 


QUIET 

spAce* 

l J 


r LOUO' 
SPACE b 

V ) 



METHODS OF ISOLATING MECHANICAL SOUND 
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h. Reducing structure-borne sound from walking on 
floors is achieved by carpet (with padding, improves 
greatly). 

i. Avoid flanking of sound over ceilings. 



FLANK INC- SOUND PATHS E&TW'N. RMSs 


j. Avoid flanking of sound at wall and floor intersec¬ 
tions. 

k. Wall and floor penetrations (such as elect, boxes) 
can be a source of sound leakage. A 1-square-inch 
wall opening in a 100-SF gypsum-board partition 
can transmit as much sound as the entire partition. 
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/. Many sound leaks can be plugged in the same man¬ 
ner as is done for air leaks, by caulking. 


0U6T WNIN6' 


BATf OJCV 
IN5ULATI0H 
©OARP OVER 
CL'6. U6H T y 
fixture.- 

Ke£u.leN-r 

CUP<& STvA 

SHeeTKodK 

4 - 



- mrr f*fTLK> 

W ALU VOlpe, 
AKDUWt? CEIL¬ 
ING EWJB& 


- POU0LE WALL 
OF &TA£6ERE£> 
srup£> w/ 

gATfe IK 


REMEP1E6 FOR REDUCING NOISE 

TRANSMISSION 


_ m. Walls and floors are classified by Sound Transmis¬ 
sion Class ( STC ), which is a measure of the reduc¬ 
tion of loudness provided by various barriers. The 
higher the number, the better. In determining the 
required STC rating of a barrier, the following 
rough guidelines may be used: 

_ n. The best remedy for reducing impact noise is to 

cushion the noise at its source. 

STC Effect on Hearing 

25 Normal speech clearly heard through barrier. 

30 Loud speech can be heard and understood fairly well. 
Normal speech can be heard but barely understood. 

35 Loud speech is unintelligible but can be heard. 

42-45 Loud speech can be heard only faintly. Normal speech 
cannot be heard. 
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46-50 Loud speech not audible. Loud sounds other than 
speech can be heard only faintly, if at all. 

See p. 222 for recommended STC room barriers. 

Rough Estimating of STC Ratings 

When the wall or floor assembly is less than that desired, 
the following modifications can be made. Select the appro¬ 
priate wall or floor assembly. To improve the rating, select 
modifications (largest number, + 'A next largest, + Z 2 next 
largest, etc): 

a. Light frame walls 


Base design 

Wood studs W/ V 2 " gyp’bd. 
Metal studs W/ 5 A" gyp’bd. 


STC Rating 
32 
39 


Modification 
Staggered Studs 
Double surface skin 
Absorption insulation 


Added STC 


+9 

+3 to +5 
+5 


b. Heavy walls 

The greater the density, the higher the rating. Density 
goes up in the following order: CMU, brick, concrete. 


Base Design 

4-inch CMU, brick, concrete 

6-inch 

8-inch 

12-inch 


STC Rating 
37-41, 42 
42, 46 


47, 49, 51 
52, 54, 56 


Modification 

Furred-out surface 
Add plaster, V 2 " 
Sand-filled cores 


Added STC 
+7 to +10 
+2 to +4 
+3 


c. Wood floors 


Base Design 

Ms-in plyw’d, subfloor with 
oak floor, no ceiling 


STC Rating 


25 


Modification 
Add carpet 
5 /s-inch gyp’bd. ceiling 
Add resilient damping board 
Add absorbtion insul. 


Added STC 
+10 
+10 
+7 
+3 
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d. Concrete floors 

Base Design STC Rating 

4-, 6-, 8-inch thick concrete 41, 46, 51 

Modification Added STC 

Resil. Susp. Ceiling +12 

Add sleepers +7 

Add absorption insul. +3 

e. Glass 

Vt" float 26 

double glaze 32 

f. Doors 

wood HC 26 

SC 29 

metal 30 

special acoustical 35 to 38 


Costs: Sound attenuation blankets: 2" thick = $0.90/SF (10% L and 
90% M). Add $0.40 per added inch up to 4". 
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EXAMPLE-; 

Ro>6«i.y &5<nMAm how to «t 6T6 » 45 for am ofpioe wau- part- 

motf tAApe <?? wa?p eTi/e*Anp (jvp&'R, 

FRom Aepye, A 'ficov etup PAcmiGrt w/ ie> . 

•SlTO VI 

APS? 6TA606Rep <=> 1 VS^ ftjR FUU. CREJPIT 

+ °l 

APP poueue (pyppB-'o. rxr /z cR&prr, %th <&ipb^; </z *5> = 

-tZ6 

Ata? a^^rptoa ewn* a&tweeN 6Ttp&: </z. = 

♦ -Z.^ 

Total - 

46,0 



PAfcTY WAUL PETAIL 
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USE. OF ABSORPTION IN COMMON OCCUPANCIES 

0C6UPANC.Y 

CE4UN6 

'fiSEATMetfr 

WAUU 

treatment 

SPECIAL 

AixiroRwm, a)OKc«ee> -m eaters, cohort 
m>\o, Rt.ccz.vMc, 4 rv.^mpk% rme>. 



• 

eoAPPKaoMP, l&ECOrtf&fJeNEIHfi' 

• 

• 


OA‘S»S’KC>OM‘P 

• 

o 


COMP)£ROAE KITCHENS 

• 



COMPDISK ANP ©UCHNEeE- MACHIHE ROOHV, 

• 



CO\2JZ\VOf2& ANC? UOSBlC^ 

o 



(SYMNA&IUH^ ARENAS, 4 REOKEATlONAi, SAAC&S- 

• 

• 


HEALTH CAR £. pATIErDT PCDMCp 

• 



LAPORAT’ORlE'S’ 

• 



LIBRARIES 

• 



MECWANICAC EQUIPMENT J?OOM<b 



• 

MEETiNS ANP COMFEREHCE ROOM'S" 

• 

o 


OPEN OFF106 PLAN 

• 

• 


PRIVATE OFFI0E/P 

• 



KE^TAUgANT-^ 

• 

o 


etMOOV? 4 IHPOSTKIAL. SHOPS?, FAOTOf?i&& 

• 

• 


S>rOK£S> AMP COMMERCIAL. SHIP'S) 

• 




• esrswKitf-t-Y ke^mmenpep 

O APVI€>A&L6 
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6»0UNt? ISOLATION CRITER!A 


eOUKCE ROOM OCC.UPAKCY 

K&CBIV&K KpotA 
APUAC ENT 

60UNP isolation K&50IR6MENT 
(MINIMUM) FOR AW-PATH* Be.- 

EXECUTIVE AREA*, FOCTOK* Sums* FER-SONNEL 

ACUAG&NT OFFioee> 


OFFICE*, IARSS- CONFERENCE. KCDM*, CONFIDENT- 

ANP RELATES? 

•STC. *C -** 

IAU PRIVACY raSOUIKEMENT* 



NORMAL OFFICE*, SECULAR, CONFERENCE ROOM* 

AOJAC6MT OFFICE* 

*TC 4*-50 

FOR CROUP MEETINCe., NORMAL. PRIVACY KSGHT* 

4^ SIMILAR ACfWrtlg* 

LAK&E SENEKALeUSlHE** OFFICE*, £>RAFTlN& 

CoKRtCOR*, iceeig* 


AREA*, BANKING FU30R5 

CATA PraKe**IN&/ 
SIMILAR ACTIVmS* 

*TC 40-4* 

WOPANP LABORATORY OFFICE IN MAMOFACTDR- 

ARiACENTcJFFlca* 
IBS^" AREA*, COEEIR 

*TO 40 -4* 

IN* LABORATORY Of? TfeBTAR®*, NORM. FRUAiY 

MECHANICAL equipment room* 

ANY APACE 

*TC go -*0 + 

MUCH family tJWELWHG* 

NEIGHBOR* 
(separate acopamcy: 


t agwKM^ 

BEDROOM* 

*TC 46-** 

0>4THROOM^ 

•ETC 52-5* 


KITCHEN* 

W ^ 2 - &s> 


UVIH4 ROOM* 

*TC *0-57 



4»ro *=>2-56 

<>,) LIVING KOOM* 

NYIN6 Kt»H* 

*rc * 5 - 5 * 


*rc 5o-*7 


Kitchen* 

ore 4&-50 

-SCHOOL &UIUOIN<S*> 



<T A..) 4LA**RCOM* 

AfZJ. CtA**t?COM* 

*rc- 60 


LA^KATORIE^ 

ore oa 



ore 4r*> 

C*0 LAR5& MIKHC OK iPKAMAAREA 

APJ. <5»lfc. 

PEAMA Af^EA 

ore. &o 

lc.) MU*IC PRACTICE BOOMED 

Ml»l£ P^STf^ 

*rc- ** 

INTERIOR. OCOSPi&O ‘X’PC&r 

BTEKICR AT Busts-. 

ore, 'OO-&Q 

TH£AT£?2<5> f c#WC£i2T KAU^> ; HAUfi*/ 

Any amp all- 

U*E OlLALifl&O ACOUSTICAL 

PSAS*?, AMI? T.V, WPIOS* 

AOJACE-MT 

CON*JLTANT. 

















NOTE 


i 





















: 








t ! i 


























































































.j 



















i 

_ 




.. 



i 

. 








f.. 








... 



."i 

. 

I 

















— 

. 






































....... 



.. 















...,. . 








. .. J. 





1 

i 




J 

..«4 

.,.,J 


















1 















*.... 





... 


















. 


. 




















. 










.. 


































































... 

. .... 


















1 





























s 

1 
















i | 















I I 

.i.1.. i 






















. 































































































































































































































NOTE 


i 





















: 








t ! i 


























































































.j 



















i 

_ 




.. 



i 

. 








f.. 








... 



."i 

. 

I 

















— 

. 






































....... 



.. 















...,. . 








. .. J. 





1 

i 




J 

..«4 

.,.,J 


















1 















*.... 





... 


















. 


. 




















. 










.. 


































































... 

. .... 


















1 





























s 

1 
















i | 















I I 

.i. 1.. i 






















. 





































































































































































































































































































































































































NOTE 


i 





















: 








t ! i 


























































































.j 



















i 

_ 




.. 



i 

. 








f.. 








... 



."i 

. 

I 

















— 

. 






































....... 



.. 















...,. . 








. .. J. 





1 

i 




J 

..«4 

.,.,J 


















1 















*.... 





... 


















. 


. 




















. 










.. 


































































... 

. .... 


















1 





























s 

1 
















i | 















I I 

.i. 1.. i 






















. 





























































































































































































































_A. LAND PLANNING @ @ @ 

_ 1. Costs : Site work and development costs roughly range from 

$3 to $12/SF of site area, exclusive of building footprint. This 
includes parking lot, sidewalks, landscaping, and utilities. 

_ 2. Slopes- Use the following guidelines for land selection: 

_ a. Slopes under 1% do not drain well. 

_ b. Slopes under 4% seem flat and are usable for all 

kinds of activity. 

_ c. Slopes of 4 to 10% are easy grades. 

_ d. Slopes over 10% are steep. 

_ e. Slopes at 15% approach limit of an ordinary loaded 

vehicle. 

_ f. Slopes at 25% are the limit of mowed surfaces. 

_ g. Slopes over 50% may have erosion problems. 

_ 3. Site Selection (For Temperate Climates) 

Avoid or make special provision for steep north slopes; west 
slopes facing water; hilltops; frost pockets or positions at the 
foot of long, open slopes; bare, dry ground; nearby sources 
of noise or air pollution. Best sites are well-planted middle 
slopes facing south, near water. 

_ 4. Streets (Typical Widths) 


Type 

Width 

R.O.W. 

One-way 

18' 

25' 

Minor road 

Minor residential 

20' 

35' 

street 

26' 


Major street 

52' 

80' 

Flighway 

12'/lane + 8' shoulder 

up to 400' 


5. Parking 

_ a. In general, estimate 400 SF/car for parking, drives, 

and walks. 

_ b. For very efficient double-bay aisle parking, estimate 

300 SF/car for parking and drives only. 

_ c. Typical parking stall: 9' x 19'. 

_ d. Parking structure stall: 8.5' x 19'. 

_ e. Compact parking stall: 7.5' x 15'. 

_ f. ADA-required. FIC parking: To be located as close 

to the accessible entry as possible. One HC stall for 
ea. 25 up to 100, then 1 per 50 up to 200, then 1 per 
100 up to 500. From 501 to 1000: 2%. Over 1001: 20 
+ 1 for ea. 100 over 1000. First, plus 1 in every 8 FIC 
stalls shall have 8-ft side aisle (for van parking). All 
other FIC spaces shall have 5-ft side aisle (but may 
be shared). Stalls to be at least 8 feet wide. Grade at 
these locations cannot exceed 2%. 
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Acczzw&iLmsiz. 


To 



g. Loading dock parking: 10' x 35' x 14' high. 

h. One-way drive, no parking: 12' wide. 

i. Two-way drive, no parking: 18' to 24' wide. 

j. Recommended pavement slope: 1 to 5%. 

k. Primary walks: 6' to 10' wide. 

/. Secondary walks: 3' to 6' wide. 

m. Walks adjacent to parking areas with overhanging 
car bumpers: 2.5' minimum. 

n. Above are for rough estimating; always verify local 
zoning ordinance. 

o. See following diagram and table for typical parking 
lot sizes: 
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A 

B 

C 

D 

E 

F 

G 

Parking 

angle 

Stall 

width 

Stall to 
curb 

Aisle 

width 

Curb 

length 

Center-to-center width 
of two parking rows 
with access btw’n. 

Overlap 
center line 
Curb to to center 

curb line 

0° 

76" 

7.5* 

11.0 

19.0 

26.0 

26.0 


8'0" 

8.0 

12.0 

23.0 

28.0 

— 


8'6" 

8.5 

12.0 

23.0 

29.0 

— 


9'0" 

9.0 

12.0 

23.0 

30.0 

— 


9'6" 

9.5 

12.0 

23.0 

31.0 

— 

30° 

7'6" 

14.0* 

11.0 

15.0 

39.0 

32.5 


8'0" 

16.5 

11.0 

16.0 

44.0 

37.1 


8'6" 

16.9 

11.0 

17.0 

44.8 

37.4 


9-0" 

17.3 

11.0 

18.0 

45.6 

37.8 


9'6" 

17.8 

11.0 

19.0 

46.6 

38.4 

o 

O 

8'0" 

18.3 

13.0 

12.4 

49.6 

43.5 


8'6" 

18.7 

12.0 

13.2 

49.4 

42.9 


9'0" 

19.1 

12.0 

14.0 

50.2 

43.3 


9'6" 

19.5 

12.0 

14.8 

51.0 

43.7 

45° 

76" 

15.9* 

11.0 

10.6 

42.8 

37.9 


8'0" 

19.1 

14.0 

11.3 

52.2 

46.5 


8'6" 

19.4 

13.5 

12.0 

52.3 

46.3 


9-0" 

20.1 

13.0 

13.4 

53.2 

46.2 


9'6" 

20.1 

13.0 

13.4 

53.2 

46.5 

50° 

8'0" 

19.7 

14.0 

10.5 

53.4 

48.3 


8'6" 

20.0 

12.5 

11.1 

52.5 

47.0 


9-0" 

20.4 

12.0 

11.7 

52.8 

47.0 


9'6" 

20.7 

12.0 

12.4 

53.4 

47.3 

o 

O 

VO 

7'6" 

16.7* 

14.0 

8.7 

47.5 

40.4 


8'0" 

20.4 

19.0 

9.2 

59.8 

55.8 


8'6" 

20.7 

18.5 

9.8 

59.9 

55.6 


9-0" 

21.0 

18.0 

10.4 

60.0 

55.5 


9'6" 

21.2 

18.0 

11.0 

60.4 

55.6 

VO 

o 

o 

76" 

15.0* 

18.0 

7.5 

48.0 

48.0 


8'0" 

19.0 

26.0 f 

8.0 

64.0 

— 


8'6" 

19.0 

25.0 f 

8.5 

63.0 

— 


9-0" 

19.0 

24.0 f 

9.0 

62.0 

— 


9'6" 

19.0 

24.0 f 

9.5 

62.0 

— 


* Based on 15'0" stall length for compact cars; all others based on 19'0" stall length. 
f Two-way circulation. 
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6. Open-Space Proportions 



AN OBJECT OWIUaN&)WH0®£ MAJOR PIM£N6?lON 
(VERTICAL OR HORIZONTAL) EQUALS IT-& PITT¬ 
ANCE FROM THE EYE IE? PIFFlCULT "TO e>E£ A4 
A WHOLE WT 1tNPE* To ftE. ANALY'&EP IN RE¬ 
TAIL. 

WHEN IT l«> TWlOE AE> FAR, lTAPPEAF/b 06AKLY 
AE> A WHOLE. 



WHEN IT I4> »>TlM£fi> AA> FAR,, ITOnU-PDHlsIATtA, 
&UT IE> A 1-6*0 “SEEN IN ELATION TO OTHER OBJECT^ 



WHEN ITK>4 TlME/p, OK MOKE, IT I ve-cows? 
Fart of theoeneral^cene. 


1 AN EXTERNAL ENCLOSURE 14 M06T COMFORTABLE 

I _ WHEN IT 4 WAUA> ARE XJ 1 TO '/=>, A4 HIOW AE* 

I j THE WIOTH OF THE ■‘SPACE- E+ICU»4££? 



IF THE RATIO FAUAy &ELOW ‘/4, THE 6X4W& 
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VERTICAL- SOUQ^O^K 


_ B. GRADING AND DRAINAGE 

© © © © @ ® © 


1. Grading for Economy 

_ a. Keep finished grades as close to the natural as possible. 


_ b. Amounts of cut and fill should balance over the site. 

Maximum Slopes 

a. Solid rock 

54:1 

b. Loose rock 

Zr.l (1:1 for round rock) 

_ c. Loose gravel 

VA:1 

d. Firm earth 

VA:\ 

e. Soft earth 

2:1 

_ f. Mowing grass 

4:1 
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3. Pesirab/e Grades 


Situation 


% of slopes 
Max. Min. 


a. Paved areas 

_ (1) AC 5 1 

_ (2) Concrete 5 0.5 

b. Streets 

_ (1) Length 6-10 0.5 

_ (2) Cross 4 2 

c. Walks 

_ (1) Cross slope 2 2 

_(2) Long slope 

_ (3) (Subj. to freeze and 

accessible) 5 

_ (4) (Not subj. to above) 14 

d. Ramps 


(1) HC-accessible (ADA) 8.33 

(2) Nonaccessible 12.5 


e. At buildings 

_ (1) Grade away 10' 2-5 

_ (2) Impervious materials 21 

f. Outdoor areas 

_ (1) Impervious surface 5 0.5 

_ (2) Pervious 

_ (a) Ground frost 5 2 

_ ( b ) No ground frost 5 1 

g. Swales and gutters (concrete) .3 

h. Stairs 

_ (1) Landings and treads 2 1 
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4. Grades at Buildings 
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6. Earthwork Conversion Factors 

Native, in-place soils can be compacted for greater density. 
When dug up the density decreases and the volume 
increases. Use the following to estimate earthwork volumes: 


Soil 

In place 

Loose 

Compacted 

Sand 

1.00 

1.10 

.95 

Earth 

1.00 

1.25 

.80 

Clay 

1.00 

1.40 

.90 

Rock (blasted) 

1.00 

1.5 

1.30 


7. Earthwork Costs 

The costs given below are based on machinery-moved and 
compacted earthwork, normal soils, suburban sites, of 
medium size (2000-15,000 CY): 

_ On site 


_ Cut 

$3.95/CY 

_ Hand excavation 

$35 to $100/CY 

_ Fill and compaction 

$3.00/CY 

(Compaction 20% of total) 


Offsite 


_ Import $6.50/CY (5 miles or less) to $10/CY 

_ Export $5.30/CY (5 miles or less) to $7/CY 

Modifiers: 

_ Difficult soils (soft clays or hard, 


cementitious soils) 

+100% 

_ Hand-compacted 

+400 to 500% 

_ Volume 


_ Smaller 

+50 to 200% 

_ Larger 

-0 to 35% 

_ Location 


_ Urban sites 

+100 to 300% 

_ Rural sites 

-0 to 25% 

_ Situations of severe weather 


(rain or freezing) 

+5 to 10% 

Other materials: 


_ Sand 

$7.90 to $13/CY 

_ Gravel 

$19.80 to $33.00/CY 

_ Rock (blasting only) 


_ Rural sites 

$7.80 to $10.50/CY 

_ Urban sites 

$156/CY 

_ Jackhammering 

$1780/CY 
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EXAMPLE*. 

PROBLEM: A e?L0PlW6. eiTE. IN PORTLANP/ OR. TO 
HAVE- A &UIUPIM6- PAP OF qo 1 X 3o‘. eollA 
ARE. NOT UNUSUAL PR PiFPICULT. ROOfi-LT EST¬ 
IMATE. EARTH-WOIZJC GOV T3>. 

SOLUTION* 

NATURAL 
(SRAPL 




lMfiORTEP 

F1U, COMPACTSP 

(GOMPACTEP) PUA. 


CUT 

(IOO0F/UF) 


CUT* \00 5f/if xqo LF + 27 = 333 c 'r'<*. ^1^1^ 

PILL' 333 cy x 0.3 C<roMPAOTE.P) = looey 

(? $ 2,00* $ 200 

IMPORTEP FILL CCOMPACTEP)-' 

5 1 WISH * 30‘ * PO 1 -5- Z1 * l.'Z3 ^LOOSE) 

= <S 25 0V e ^b&o/c-f «- tAGoo 


Total* &&ZI5> 

ALLIUM F3R PortLAMP : 0A3 A 6? 16- =• 4AT 45>POO 


8. Drainage 

_ a. General: Rainwater that falls on the surface of a 

property either evaporates, percolates into the soil 
(see p. 252), flows off the site, or drains to some 
point or points on the site. That portion that does 
not enter the soil is called the runoff and provision 
must be made for this excess water. The grading 
must be so designed that surface water will flow 
away from the building. This may sheet-flow across 
the property line or out driveways to the street. Or, 
this may necessitate drainage channels with catch 
basins and storm drains (see p. 259). Each commu¬ 
nity should be checked for its requirements by con¬ 
tacting the city (or county) engineering or public 
works department. 

_ b. Rainfall: For small drainage systems, the maximum 

rainfall in any 2-year period is generally used. For a 
more conservative design, the 5- to 10-year period 
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may be employed. For establishing floor elevations, 
100-year floods, are often used. Lacking more spe¬ 
cific data, see App. B, item J, and divide the quantity 
by half. One inch of rain per hour is equal to approx¬ 
imately one CF of water falling on one acre of 
ground per second. 

c. Runoff: Volume may be estimated by: 

Q = C x I x A, where: 

Q = Quantity of runoff in CF/sec 


C = Coefficient of runoff: 

Roofs 0.95 

Concrete or asphalt 0.95 

Gravel areas 

Loose 0.30 

Compact 0.70 

Vacant land, unpaved streets 
Light plant growth 0.60 

No plants 0.75 

Lawns 0.35 

Wooded areas 0.20 

I = Intensity of rainfall in inches per hour 


A = Area to be drained, in acres 

d. Dry wells: Slowly drain runoff back into the 
ground. They should be at least 10' from septic 
tanks and lot lines, 20' from buildings, and 100' from 
water supply sources. Their bottoms should he 
above the highest annual level of the local water 
table. They should not be used for toilet wastes. 
They should not be built in nonporous soil (rock, 
hard pom, dense clay, etc.). 

e. Storm drains 

It is wiser to oversize than economize on size 
because the cost of a slightly larger conduit, besides 
being a very small part of the installation cost, is far 
less than the cost of flooding and erosion that could 
result. 

The following nomograph can be used to estimate 
storm drain sizes. It is for rough concrete. Materials 
of smoother surfaces will have smaller sizes. Also, 
see pp. 259 and 519. 


Grading and Drainage 241 


loo 


1- HO 


1-60 


=~70 

60-i 

60 

54- 

— 50 

48~ 

i-40 

42- 




fll 3fe~ 

=— 30 

I 33“ 

i- 

^ 30- 

— 

- 27- 

~io 

2 24— 

— 

-Z -Zi- 

jjj 

^ 18- 


=— lo 
1-4 
ha 
r 7 
b 

5 
~ 4 


0 


15- 


• 12 - 


■ 10 - 


h3 

[,/ 

/ 


< 8 - 

/ G 

/ 6-1 


/ 


/ 


/ 


/ 


/ 


/ = 


-.ooto 
0030 
b ,0040 
.0060 
. 0060 
. 0100 


/ 


r,0*200 
.0300 
.0400 

.0600 

.0800 

./ooo 


I- o.q 

o.b 


NQM06i?AFH FOR OOMPUTiNO 

REQUIRE.P SIZE OF aKCULAK 

PRAIN FLO WIN Or FULL^ 0 " 515, 








242 The Architect’s Portable Handbook 


EXAMPLE. : 

PROBLEM* F1WP RUM OFF AMP FRELM. <S>IZE OF eTORM PRAIM 
FOR. A TbUlLPIMt BITE IM CHICAGO, XL. WITH A 
LAWKI area OF 2221% AF AMP HARP SURFACE. 
ARECPAVlfJCr, ROOF, VJAlVfy ) OF lEEOJSF, 

solution: 

/. FIMPI FOR CH-IOAOO CAFFEMPIX », ITEM J, R.&4-2) IB EB'/hR. 

by the Aeo\i&f?uLeoFThuMe>CF.240) ( pwipe two ih half or 
-^.2 "/hr, 

iaoawn)= 6%e.y^.2')(:2^2i&,AA?‘3^o) = p.en 

<Pi=CIA (HARP) - 6H^')( / 3.'Z)0^5COH 43B<£0) = Q.'M- 

NPTE ' C-UAWkl » .2>e- 
C HARP = .<?e> 

COUVEROIOH OF AF TO AC IA=- 
435C.O -SF//10 

3. EBTlMAlE OMPER6ROJMP PIPE A<ZE WITH A 5% BLOPE, 

BEE PABHEP Lime IH ABOVE NOM0&RAPH (P.tPO FOIR 
II ikicH. FIFE , MAKETrtlB A IE 11 4> EODO. PIPE. 


f. Flooding: When siting a building near a lake, stream, 
or river, examine the terrain above the water. If the 
land slopes gently from the shore, then rises steeply, 
and then levels out, this probably indicates a flood- 
plain. No building should be placed below the crest 
of the rise. The damage that can be caused by even a 
small stream rising to flood stage is staggering. If a 
stream’s speed doubles, its erosive force is 32 times 
greater. If its speed quadruples, its erosive force 
increases more than 1000 times. 
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E.YCAVAT10N VALUHE-t? 
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C. SOILS 



1. Danger “Flags” 

_ a. High water table. 

_ b. Presence of trouble soils: Peat, other organic materi¬ 
als, or soft clay, loose silt, or fine water-bearing sand. 

_ c. Rock close to surface. 

_ d. Dumps or fills. 

_ e. Evidence of slides or subsidence. 

2. Ranking of Soil for Foundations 

_ a. Best: Sand and gravel 

_ b. Good: Medium to hard clays 

_ c. Poor: Silts and soft clays 

_ d. Undesirable: Organic silts and clays 

_ e. Unsuitable: Peat 

3. Aboveground Indicators: 

_ a. Near buildings: When deep excavations occur near 

existing buildings there may be severe lateral move¬ 
ment. This requires shoring of adjacent earth and or 
existing foundations. 

_ b. Rock outcrops may indicate bedrock is just under¬ 
ground. Bad for excavating but good for bearing 
and frost resistance. 

_ c. Water (such as a lake) indicates a water table close to 

grade. Foundations may be expensive and unstable. 

_ d. Level terrain usually indicates easy site work, fair 

bearing, but poor drainage. 

_ e. Gentle slopes indicate easy site work and excellent 

drainage. 

_ f. Convex terrain (a ridge) is usually a dry, solid place 

to build. 

_ g. Concave terrain (a depression) usually is a wet and 

soft place to build. 

_ h. Steep slopes indicate costly excavation, potential 

erosion, and sliding soils. 

_ i. Foliage: Some species indicate moist soil. Sparse or 

no foliage in a verdant area suggests hard, firm soil. 
Large solitary trees indicate solid ground. 

4. Basic Soil Types (Identification) 

_ a. Inorganic (for foundations) 

_ (1) Rock: good bearing but hard to excavate 

_ (2) Course grain 

_ (a) Gravel: 3" to 2 mm. Well-drained, 

stable material. 
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_ ( b ) Sand: 0.05 to 2 mm. Gritty to touch 

and taste. Good, well-drained ma¬ 
terial if confined, but “quick” if 
saturated. 

_(3) Fine grain 

_ ( a ) Silt: 0.005 to 0.05 mm. Feels smooth 

to touch. Grains barely visible. Sta¬ 
ble when dry but may creep under 
load. Unstable when wet. Frost 
heave problems. 

_ ( b ) Clays: Under 0.005 mm. Cannot see 

grains. Sticks to teeth (or hand, 
when moist). Wide variety in clays, 
some suitable and some not. Can 
become expansive when wet. 

_ b. Organic (not suitable for foundations). Fibrous tex¬ 
ture with dark brown or black color. 

5. Most Soils Combine Types 

_ a. Consist of air, water, and solids 

_ b. Size variation of solids a factor 



WSLL 



i/NSfeCMUY 

(.fboex-i 

(SrgAi?EC9 
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6. Amounts of types of solids vary, aivina different char¬ 

acteristics per foNowina table: 


Unified Soil Classification 


Soil 

type Description 

Allow. 

bearing 

(lb/SF) 

(1) 

Drain¬ 

age 

(2) 

Frost 

heave 

potent 

Expan. 

potent 

(3) 

_ BR Bedrock 

Gravels 

Clean gravels 

4000 to 
12,000 

Poor 

Low 

Low 

_ GW Well-graded gravel- 

sand mixtures, little 
or no sands 

3000 

Good 

Low 

Low 

_ GP Poorly graded 

gravels or gravel- 
sand mixtures, little 
or no fine 

Gravels with fines 

3000 

Good 

Low 

Low 

_ GM Silty gravels, gravel- 

sand-silt mixtures 

2000 

Good 

Med. 

Low 

_ GC Clayey gravels, 

gravel-clay-sand 

mixtures 

Sand 

Clean sands 

2000 

Med. 

Med. 

Low 

_ SW Well-graded sands, 

gravelly sands, little 
or no fines 

2000 

Good 

Low 

Low 

_ SP Poorly graded sands 

or gravelly sands, 
little or no fines 

Sands with fines 

2000 

Good 

Low 

Low 

_ SM Silty sand, sand-silt 

mixtures 

2000 

Good 

Med. 

Low 

_ SC Clayey sands, sand- 

clay mixture 

Fine grained 

Silts 

2000 

Med. 

Med. 

Low 

_ ML Inorganic silts and 

very fine sands, rock 
flour, silty or clayey 
fine sands w/slight 
plasticity 

1500 

Med. 

High 

Low 

_ MH Inorganic silts, mica¬ 
ceous or diatoma- 
ceous fine sandy or 
silty soils, elastic silts 

1500 

Poor 

High 

High 
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Clays 


_ CL 

Inorganic clays of 
low to med. plasticity, 
gravelly, sandy, silty, 
or lean clays 

1500 

Med. 

Med. 

Med. 

_ CH 

Organic 

Inorganic clays of 
high plasticity, fat clays 

1500 

Poor 

Med. 

High 

_ OL 

Organic silts and 
organic silty clays 

400 

Poor 

Med. 

Med. 

_ OH 

Organic clays of 
medium to high 
plasticity 

0 

Unsat. 

Med. 

High 

_ PT 

Peat and other 
highly organic soils 

0 

Unsat. 

Med. 

High 


Notes: 

1. Allowable bearing value may be increased 25% for very compact, coarse-grained, 
gravelly or sandy soils, or for very stiff, fine-grained, clayey or silty soils. Allowable 
bearing value should be decreased 25% for loose, coarse-grained, gravelly or sandy 
soils or soft, fine-grained, clayey or silty soils. 

2. Percolation rate for good drainage is over 4"/hr; medium drainage is 2-4'7hr; poor 
is less than 2 "/hr. 

3. Dangerous expansion might occur if these soil types are dry but subject to future 
wetting. 

4. IBC allows to 1500 psf for nonexpansive soils and small buildings. 
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7. C/a vs: Usually give greatest problems for foundations. 
_ a. Measure expansiveness: 



U<2UI 0 ‘5STATE- 

uu i&ni v/eo 

> 

V- 


vj) 

t 

z 

fiu 


8 FW^ri£-e>TATg. * 

. RUCCAM &£ K0U&P INTO '<&“ 

o 

| 

$ e&4\ w 

PVS. e>EFOR£- 


<g>.L, -ro cmkmk) 


eoW 9TA TE. 

The greater the PI (Plasticity Index), the greater the 
potential for shrinkage and swelling. Some clays swell up to 
20-fold with pressures of several tons/SF. Problems of 
upheaval vs. settlement usually are 2 to 1. 

_ b. Strength of clays 


Consistency 

Shear 

(ton/SF) 

Compression 

(ton/SF) 

Rule of thumb 

_ Soft 

0.25-0.5 

<0.5 

Vi" pencil makes 1" pene¬ 
tration with med. effort. 

_ Medium 

stiff 

0.5-1.0 

0.5-1.0 

1.0-2.0 

Vi" pencil makes 

Vi " penetration with med. 
effort. 

_ Very 

stiff 

1.0-3.0 

2.0-4.0 

Vi" pencil makes Vi" pene¬ 
tration with much effort. 

_ Hard 

3.0> 

4.0> 

Vi" steel rod can penetrate 
less than Vs". Can hardly 
scratch. 


3 . Testing 

_ a. Simple field tests 

_ (1) Separation of gravel 

_ (a) Remove from sample all particles 

larger than Vs" diameter. 

_ ( b ) Estimate percent gravel. 

_ (2) Sedimentation test 

_ (a) Place sample (less gravel) in can¬ 
teen cup and fill with water. 

_ ( b ) Shake mixture vigorously. 

_ (c) Allow mixture to stand for 30 sec¬ 
onds to settle out. 

_ ( d ) Pour off water and save. 
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_ (e) Repeat (b) through (d) above until 

water poured off is clear. 

_ (/) Evaporate water from (d) above. 

_ (g) Estimate percent fines. 

(3) Comparison of gravel and sand 

_ (a) Gravels have been removed in test 

(!)■ 

_ ( b ) Fines have been removed in test (2). 

_ (c) Dry soil remaining in cup. 

_ ( d ) Soil remaining in cup will be sand. 

_ (e) Compare dry sand in cup with 

gravel. 

(4) Dry strength 

_ (a) Form moist pat 2" in diameter by M" 

thick. 

_ ( b ) Allow to dry with low heat. 

_ (c) Place dry pat between thumb and 

index finger only and attempt to 
break. 

_ ( d ) Breakage easy—silt. 

Breakage difficult—CL. 

Breakage impossible—CH. 

(see p. 248, Typical) 

(5) Powder test 

_ (a) Rub portion of broken pat with 

thumb and attempt to flake parti¬ 
cles off. 

_ ( b) Pat powders—silt (M). 

Pat does not powder—clay (C). 

(6) Thread test (toughness test) 

_ (a) Form ball of moist soil (marble size). 

_ ( b ) Attempt to roll ball into !4"-diame- 

ter thread (wooden match size). 

_ (c) Thread easily obtained—clay (C). 

Thread cannot be obtained—silt 
(M). 

(7) Ribbon test 

_ (a) Form cylinder of soil approxi¬ 
mately cigar-shaped in size. 

_ ( b) Flatten cylinder over index finger 

with thumb; attempting to form rib¬ 
bon 8" to 9" long, %" to 14" thick, and 
1" wide. 

_ (c) 8" to 9" ribbon obtained—CH. 

Less than 8" ribbon—CL. 
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(8) Wet shaking test 

_ ( a ) Place pat of moist (not sticky) soil 

in palm of hand (vol. about M cu. 
in.). 

_ ( b ) Shake hand vigorously and strike 

against other hand. 

_ (c) Observe rapidity of water rising to 

the surface. 

_ (d) If fast, sample is silty (M). 

If no reaction, sample is clayey (C). 

(9) Grit, or bite test 

_ (a) Place pinch of sample between 

teeth and bite. 

_ ( b ) If sample feels gritty, sample is silt 

(M). 

_ (c) If sample feels floury, sample is 

clay (C). 

(10) Feel test 

_ (a) Rub portion of dry soil over a sen¬ 
sitive portion of skin, such as 
inside of wrist. 

_ ( b ) If feel is harsh and irritating, sam¬ 
ple is silt (M). 

_ (c) If feel is smooth and floury, sample 

is clay (C). 

(11) Shine test 

_ (a) Draw smooth surface, such as 

knife blade or thumbnail, over pat 
of slightly moist soil. 

_ ( b ) If surface becomes shiny and 

lighter in texture, sample is a high- 
compressible clay (CFI). 

_ (c) If surface remains dull, sample is a 

low-compressible clay (CL). 

(12) Odor test 

_ ( a ) Heat sample with match or open 

flame. 

_ ( b ) If odor becomes musty or foul¬ 
smelling, this is a strong indication 
that organic material is present. 

(13) Cast test 

_ ( a ) Compress a handful of moist soil 

into a ball. 

_ ( b ) Crumbles with handling—GW, 

SW, GP, or SP. 
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_ (c) Withstands careful handling—SM 

or SC. 

_ ( d ) Handled freely—ML or MH. 

_ (e) Withstands rough handling—CL 

or CH. 

(14) Slaking test 

_ (a) Place soil or rock in sun to dry. 

_ ( b ) Soak in water for 24 hours. 

_ (c) Repeat (a) and (b) above several 

times. 

_ ( d ) If soil or rock disintegrates, it is 

poor material. 

(15) Amounts of soil 



Sieve 

Jar of water 

_ Gravel 

Remains on #10 

Settles immediately 

Sand 

Remains on #200 

Settles in 30 sec 

Silt 

Goes to bottom 

Settles in 15-60 min 

_ Clay 

Goes to bottom 

Settles in several hrs 


Measure each amount to get approximate 
percent of each soil type. 

(16) Testing for percolation: Absorption ca¬ 
pacity of soil for sanitary septic systems 
(see p. 518) may be checked by digging a 
test pit at the drain field site in the wet sea¬ 
son to the depth that the field will lie. Fill 
the pit with 2' of water, let fall to a 6" 
depth, and time the drop from 6" to 5". 
Repeat until it takes same time to make 
the 1" drop in two tests running. The allow¬ 
able absorption rate of soil, in gallons per 
SF of drain field per day, is: 


Le for 1" 
minutes 

Approx, absorption 
rate, gals 
per SF per day 

5 or less 

2.5 

8 

2.0 

10 

1.7 

12 

1.5 

15 

1.3 

22 

1.0 


Total sewage flow = 100 gal per person per day. 
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b. Soils reports and data 

Architects are well advised to have their clients 
obtain soils reports for all projects, even residential. 
_ (1) Geotechnical or soils report recommenda¬ 
tions are based on lab tests of materials 
obtained from on-site borings. Request the 
following info: 

_ (n) Bearing capacity of soil and settle¬ 
ment 

_ ( b ) Foundation design recommenda¬ 
tions 

_ (c) Paving design recommendations 

_ ( d ) Compaction recommendations 

_ (e) Lateral strength (active and passive 

pressure, and coef. of friction) 

_ (/) Permeability 

_ (g) Frost depth 

_ (2) Typical investigations require borings at the 

center and each corner of the “footprint” of 
the building, or one per 3000 to 5000 SF. 

_ (3) Costs: Under 10,000 SF: $2000 to $5000. 

Thereafter: $.20 to $.40/SF up to 100,000 SF. 
Very large or high-rise projects have large 
negotiated fees. 

_ (4) Typical soils report strength characteristics: 


Noncohesive (granular) soils 


Relative density 


Blows per foot (N) 

_ Very loose 


0-4 

Loose 


5-10 

Firm 


11-30 

Dense 


31-50 

_Very dense 


51+ 

Cohesive (claylike) soils 

Unconfined 

Comparative 

Blows 

compressed 

consistency 

per foot 

strength (T/SF) 

Very soft 

0-2 

0-0.25 

Soft 

3-4 

0.25-0.50 

Med. stiff 

5-8 

0.50-1.00 

Stiff 

9-15 

1.00-2.00 

Very stiff 

16-30 

2.00-4.00 

Hard 

31+ 

4.00+ 
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Degree of 
plasticity 

PI 

Degree of 
expan. pot. 

PI 

None to slight 

0-4 

Low 

0-15 

Slight 

5-10 

Medium 

15-25 

Medium 

11-30 

High 

25+ 

High 

31+ 




_ (5) For small projects, especially in rural areas, 

soils surveys by USDA Soils Conservation 
Service are available (free of charge) 
through the local soil and water conserva¬ 
tion district office. 

9. Soil Preparation for Foundations 

_ a. Soils may or may not have to be prepared for foun¬ 
dations, based on the specific foundation loads and 
type and nature of the soil. 

_ b. Problem soils 

_ (1) Collapsing soils undergo large reductions in 

volume as they become wet. This magnifies 
when foundation loads are applied. These 
soils are found most extensively as wind- or 
water-deposited sands and silts, sometimes 
called loess. Man-made fills can have the 
same effect. The soils exist as loose deposits, 
with large void spaces between soil particles. 

_ (2) Expansive soils are usually clays. See 7, 

above. 

_ c. Compaction is a procedure that increases the den¬ 
sity of soil (decreasing the void space and thereby 
increasing the strength) by either rolling, tamping, 
or vibrating the surface. Adding moisture increases 
the density until the optimum moisture at maximum 
density is obtained. This is given as a percent (usu¬ 
ally 90% to 95% desired). Past this, the density 
decreases. 

_ (1) Typical procedure lays down a 6" to 8" layer 

(“lift”) of soil, which is watered and com¬ 
pacted. For sand, vibratory compaction 
equip, is used. Sand cannot be over-com¬ 
pacted. For clay, heavy rollers are best. Clay 
can be over-compacted. 

_ (2) Problem soils may need: 

_ (a) “Engineered fill” is standard com¬ 
paction, but with usually a prede¬ 
termined fill material brought on 
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site, placed, and tested under the 
supervision of a soils engineer. This 
may require removing the native 
problem soil to a predetermined 
depth. 

_ ( b ) Prewetting (causing moisture to 

penetrate several feet) and then 
compacting or loading a “ sur¬ 
charge ” of soil stockpiled above the 
native. 

_ (c) Other: 

_ “Dynamic” compaction by 

dropping heavy weights. This 
can compact 60' deep. 

_ Deep vibration by a steel shaft 

driven into the ground. Water 
may be forced down the shaft. 
Compaction can occur at 
depths of 60' to 100'. This is 
economical only when used for 
large sites. 

_ Blasting. 

_ Compaction piles. 

_ Compaction grouting. 

_ Stabilization by chemical grout¬ 
ing such as lime (for expansive 
soils). 

10. Laterial : Many soils, particularly sandy or clayey soils, are 
only A as strong laterally as vertically. 

11. Foundations 

_ a. Differential settlement of foundations: Z” to Zi , 

maximum. 

_ b. Depth of foundations should be at or below the 

local frost line. See App. B, item C. 

_ c. The best solution to avoid potential problems is 

wide footings with high safety factors. 

_ d. For more on foundations, see pp. 281 and 285. 

12. Radon 

_ a. See App. B for likely radon locations. 

_ b. A colorless, odorless, radioactive gas found in soils 

and underground water. 

_ c. Is drawn from the soil through the foundation when 

the indoor pressure is less than the pressure outside, 
in the soil. This usually occurs in winter. 

_ d. Reduction approaches: 
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_ (1) For slab-on-grade construction, a normal 

uniform rock base course, vapor barrier, 
and concrete slab may be satisfactory. 

_ (2) Basements 

_ (a) Barrier approach, by complete 

waterproofing. 

_ ( b ) Suction approach collects the gas 

outside the foundation and under 
the slab, and vents it to the outside. 
Consists of a collection system of 
underground pipes (or individual 
suction pipes at 1/500 SF), and dis¬ 
charge system. 

_ (3) Costs: $420 to $600 during home const., but 

$600 to $3000 for retrofits. 

15. Termite Treatment 

_ a. Wood buildings should usually have termite treat¬ 
ment under slab on grade. 

_ b. Locations where termites are most prevalent are 

given in App. B, item F. 

_ c. Costs: $0.40/SF (55% M and 45% L), variation 

-35%, +65%. 
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_D. UTILITIES (§) 

At the beginning of a project, the architect should verify util¬ 
ity needs and availability. The five main utilities are water, 
sewer, power, gas, and telephone—with storm drains and 
cable TV as added options. 

UTILITY TRENCHES 

Typical Costs for Trench, Excavation, 
and Compacted Backfill: 

_ For 2' x 2' trench with 0 to 1 side 

slope: $0.75/SF sect./LF trench 

_ Double cost for 2 to 1 side slope. 

Add 1% for each additional ft 
depth past 2'. 

_ Add to above cost of pipe or con¬ 
duit listed below. 

_ 1. Storm Drains 

_ a. Most expensive, avoid where possible. 

_ b. Separate from sanitary sewer. 

_ c. Manholes at ends, at each change of horizontal or 

vertical direction, and each 300' to 500'. 

_ d. Surface drain no more than 800' to 1000' to catch 

basins, or 500' if coming from two directions. 

_ e. 4' deep in cold climates, or at least below frost line. 

_ f. Minimum slope of 0.3% for a minimum velocity of 

2'/sec (never exceed 10'/sec) 

_ g. 12" minimum diameter in 3" increments up to 36". 

_ h. See p. 239 for sizing. 

See below for Costs. 

_ 2. Sanitary Sewer 

_ a. CO at ends, branchings, turns (less than 90°). 

_ b. Typically, 4" for house branch up to 8" diameter for 

mains and laterals. 6" for most commercial. 

_ c. Street mains often at -6', or greater. 

_ d. Slopes of from Vu" to 14"/ft. 

_ e. Place below water lines or 10' away. 

_ f. Also see p. 518. 

Typical Costs for Drainage and Sewage Piping: (per LF) 

_ Reinforced concrete: 12" to 84" diameter = $1.80 to $5.50/inch dia. 

_ Corrugated metal: 8" to 72" diameter = $1.75 to $3.95/inch dia. 

_ Plain metal: 8" to 72" diameter = $1.30 to $3.90/inch dia. (storm 

drains only) 

_ PVC: 4" to 15" diameter = $1.50 to $1.65/inch dia. 

_ Clay: 4" to 36" diameter = $1.90 to $5.40/inch dia. 
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Typical Costs for MH and Catch Basins: 

_ For 4 x 4 deep, C.M.U. or P.C.C. = $2160 

_ Adjust: +10% for brick, +15% for C.I.P. cone. 

_ Add: $540 each ft down to 14'. 


3. Water 

_ a. 

_ b. 

_ c. 

_ d. 

_ e. 

— f 

_ g- 

_ h. 

_ i. 

_ /■ 

_ k. 


Flexible in layout. 

Best located in Right-of-Way (ROW) for mains. 
Layouts: branch or loop (best). 

Affected by frost. Must be at -5' in cold climates, or 
at least below frost line. 

Place water main or line above and to one side of 
sewer. 

Valves at each branch and at each 1000' max. 

FFIs laid out to reach 300' to buildings but no closer 
than 25' to 50'. Sometimes high-pressure fire lines 
installed. 

Typical size: 8" dia., min., mains 
6" dia., min., branch 
Typical city pressure 60 psi (verify) 

Where city water not available, wells can be put in 
(keep 100' from newest sewer, drain field, or stream 
bed). 

Also, see p. 516. 


Typical Costs for Piping (per LF): 

_ Iron: 4" dia. to 18'' dia. = $4.75/inch dia. 

_ Copper: 54" dia. to 6" dia. = $8.80 to $27.60/inch dia. 

_ PVC: VA" dia. to 8 dia. = $3.00/inch dia. 


4. Power and Telephone 

_ a. Brought in on primary high-voltage lines, either 

overhead or underground. 

_ b. Stepped down at transformers to secondary (lower 

voltage) lines. Secondary lines should be kept down 
to 400' or less to building service-entrance sections. 

_ c. Underground distribution may be 2 to 5 times more 

expensive but is more reliable, does not interfere 
with trees, and eliminates pole clutter. Always place 
in conduit. 

_ d. If overhead, transformers are hung on poles with 

secondary overhead to building. Guyed poles typi¬ 
cally 125' (max.) apart. Where not in R.O.W., 8' 
easement required. For footings, provide T of inbed- 
ment per every 10' of height plus 1 extra foot. 

_ e. See p. 609. 




Utilities 261 


Typical Costs for Conduit: 3" to 4": $5.25 to $7.90/LF 
PC cone, transformer pad, 5' sq.: $70/ea. 

_5. Gas 

_ a. Underground, similar to water. Piping must be cor¬ 
rosion protected. 

_ b. Main problem is danger of leakage or explosion, so 

lines should be kept away from buildings, except at 
entry. 

_ c. As a rule, meter each building separately. 

_ d. Lines should not be in same trench as electric cable. 

_ e. Also see p. 525. 

Typical Costs for Gas Piping: 

_ Plastic: $2.95 for V/t" to $10.00/LF for 4" dia. 

_ Steel: $31.65/LF for 5'' dia. to $58.55/LF for 8" dia. 

_ 6. Fire Protection: Generally fire departments want: 

_ a. Fire hydrants at streets 

or drives that are located 
about 300 ft apart and 
located so that a 300-ft 
hose can extend around 
building. 

_ b. Min. of at least 16-ft- 

wide drives around 
building, with 30' to 60' 
turning radius for fire 
truck access. 

_ c. Also see p. 521. 
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Typical Costs: 

Piping costs, same as water (iron or PVC) 
Hydrants: $2280/ea. 

Siamese: $260 to $430/ea. 



AfeOVS 7W6 U4& 
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EXAMPLE ; 

PROBLEM S ESTIMATE- THE COST OF A NEW 200 1 
LONG OHVZR&KOUW, l'4“ FsC WAITED 
UnE r>r a pUiupins site, in ups? 

AN4eLEA, CA. TH!E> WIU.&E put Il4 
WKIN& FOUCM G-RAPlNCr, PRIOR TO PAV¬ 
ING ANP LANPftAPIN^-, 

SOLUTION: 


I, 2'eQ.TRENCH EVtAV.IFlULi £o.65>(P^9;>x4£FXZaU*$><=>& 
2.I 1 # PV6 LINE; [.*£>"'«$'Z&o/"m\(F'LM') xvoo'- iplto 

$nio 

2>. LOAAN4E4.EE> COAT FACTOR X \.6l 

(SEE APR e», ITfeM V, P. ^2-3) 3- I3>e>9 

g^sY; sL i3>^o 
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E. SITE IMPROVEMENTS 


Item 


Costs 


Pavina 

_ a. Asphalt: 

2" AC 

$.60 to $1.20/SF (70%M and 
40%L) 

For each added inch: 

Increase 25 to 45% 

4" base: 

$.45 to .70/SF (60 %M and 
40%L) 

For each added inch: 

Increase 25% 

_ b. Concrete drives, walks, patios: 

Vi score joints at 5' and expan. joints at 20' to 30' 

4" concrete slab: 

$2.00 to 2.60/SF (60%M and 
40%L) 

Add: 

For base 

See AC, above 

For each inch more 

Add 15% 

For reinforcing 

5 to 10% 

For special finishes 

Add 100% 

For vapor barriers 

See p. 365. 

Miscellaneous Concrete 

_ a. Curb 

$10.80/LF (30%M and 
70%L) 

b. Curb and gutter 

$16.80/LF 

Add for “rolled” 

+25% 

_ c. Cone, parking 

$.60/ea. (65%M and 35%L) 

bumpers 

_ d. Paint stripes 

$.40/LF (20 %M and 80 %L) 

Fences and Walls 

a. Chain link 

4' high 

$6.65 to $9.60/LF (50%M 
and 50 %L) 

6' high 

$7 to $10.00/LF 

_ b. Wrought iron, 

$28/LF (70%M and 30%L) 


3' to 4' 


c. Wood fencing 


_ d. Walls 

4. Site Liahtina 

_ a. Pole mounted 

for parking lot, 
20' to 40' high 

5. Carports and Canopies 

(no foundations) 


$2.25 to $9.60/SF (60%M 
and 40 %L) depending on 
material, type, and height 
See Parts 3 and 4. 


$2040 to $4200/ea. 
$2160-$4800/car 
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_ F. LANDSCAPING AND IRRIGATION 


1. General 

_ a. Landscaping can be one of the greatest aesthetic 

enhancements for the design of buildings. 

_ b. Landscaping can be used for energy conservation. 

See p. 181. 

_ c. Landscaping can be used for noise reduction. See 

p. 214. 

_ d. At locations with expansive soils, be careful about 

plants and irrigation next to buildings. 

_ e. Trees can be used to address the design needs of a 

project by directing pedestrian or vehicle move¬ 
ment, framing vistas, screening objectional views, 
and defining and shaping exterior space. Trees can 
also be used to modify the microclimate of a site and 
help conserve building energy use from heating and 
cooling systems. Mature trees and ground cover 
absorb or delay runoff from storm water at a rate 4 
to 5 times that of bare ground. 

_ f. Existing: Mature trees will not survive a violent 

change of habitat. The ground may not be cut away 
near their roots, nor may more than a few inches be 
added to grade; though a large well with radial 
drains and 6" of crushed stone out to the drip may 
work. As a rule, though, up to 50% of the root sys¬ 
tem can be lost without killing a plant, providing 
the other 50% is completely undisturbed. Trees 
which grew in a wood must be preserved in a clump, 
since they have shallow roots, while trees that were 
originally isolated or in open fence lines should be 
kept so. 

_ g. As a general rule, trees should be located no closer 

to buildings than the extent of the mature “drip 
line.” When closer, deeper foundations may be 
needed, especially in expansive soils. 

_ h. Good ventilation is a must for interior plants, but 

AC supply should be directed away from plants due 
to winter overheating. For interior plants and pots, 
see p. 461. 
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i. Trees are often selected by profile for aesthetics and 
function: 



2. Materials 

_ a. Select material based on USDA Plant Zones, shown 

below. See App. B, item H, for various zones. 


Zone Approx, range of ave. annual min. temp. 


2 

-50 to -40°F 

3 

-40 to -30°F 

4 

-30 to -20°F 

5 

-20 to -10°F 

6 

-10 to 10°F 

7 

0 to -30°F 

8 

10 to 20°F 

9 

20 to 30°F 

10 

30 to 40°F 


b. Next, select plants for microclimate of site (see p. 
181) and location around building, as follows: 

_ (1) Shaded locations and north sides 

_ (2) Semi-shaded locations and east sides 

_ (3) Sunny locations and south and west sides 

c. Select material by the following types: 

_ (1) Large trees (over 20', often up to 50' high) 

_ (2) Small trees (under 20' high) 

_ (3) High shrubs (over 8'high) 

_ (4) Moderate shrubs (4' to 8' high) 

_ (5) Low shrubs (under 4' high) 

_ (6) Ground covers (spreading plants under 24" 

high) 

d. Select material based on growing season, including: 
_ (1) Evergreen versus deciduous 

_ (2) Annuals (put in seasonally, not returning) 

versus perennials (die in winter but return 
in spring) 
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_ e. Selection based on aesthetics: 

_ (1) Shape (see item 1 -h, above) and texture 

_ (2) Color, often dependent on blooming season 

Rule of Thumb: Costs of overall landscaping = $2 to $5/SF of landscape 
area. 


Costs shown below: 50%M and 50%L, variation of +/-25%, depending 
on soil and growing season. For commercial jobs, add 20% due to war¬ 
ranties and maintenance. 


Trees 15 gal $100/ea. Shrubs 1 gal $9/ea. 

24 box ( l c) $250/ea. 5 gal $25/ea. 

specimens $400 to $2500/ea. specimens $60/ea.+ 


Vines 1 gal $8.50/ea. 
5 gal $25/ea. 


Other 

Brick or concrete border 
Rock 

Preeinergent 

Pots, 14" ceramic with saucer 


Ground covers 

plants 1 gal $9/ea. 

lawn sod (incl. topsoil) $.50 to 
$.75/SF 

lawn seed $.25/SF 

hydroseeding $0.06/SF 

(seed, mulch, binder, 
and fertilizer) 

$7.50/LF to $12.50 
$2.50 to $6.50/SY 
$.08/SF 
$100/ea. 


3. Irrigation 

_ a. Can be in the following forms: 

Type Material Costs 

Bubbler Plants and trees $.50/SF 

Spray Lawn $.30-$.50/SF 

Drip Plants and trees $.50/SF 


b. System should “tee” off water line before entering 
building. The tee size usually ranges between %" and 
2 ". 

c. Controls usually require a 110V outlet. 

d. Backflow prevention unit usually required by code. 







NOTE 


i 





















: 








t ! i 


























































































.j 



















i 

_ 




.. 



i 

. 








f.. 








... 



."i 

. 

I 

















— 

. 






































....... 



.. 















...,. . 








. .. J. 





1 

i 




J 

..«4 

.,.,J 


















1 















*.... 





... 


















. 


. 




















. 










.. 


































































... 

. .... 


















1 





























s 

1 
















i | 















I I 

.i. 1.. i 






















. 






























































































































































































































CONCRETE 





























NOTE 


i 





















: 








t ! i 


























































































.j 



















i 

_ 




.. 



i 

. 








f.. 








... 



."i 

. 

I 

















— 

. 






































....... 



.. 















...,. . 








. .. J. 





1 

i 




J 

..«4 

.,.,J 


















1 















*.... 





... 


















. 


. 




















. 










.. 


































































... 

. .... 


















1 





























s 

1 
















i | 















I I 

.i. 1.. i 






















. 





























































































































































































































_ A. CONCRETE MATERIALS 



1. General Cast-in-Place Costs 

_ a. Substructure: $200 to $500/CY (40%M and 60%L) 

_ b. Superstructure: $600 to $1300/CY (30%M and 70%L) 

2. Concrete: Consists of (using the general 1-2-3 mix, 1 part 
cement, 2 parts sand, and 3 parts rock, plus water): 

_ a. Portland cement 

_ (1) Type I: Normal for general construction. 

_ (2) Type II: Modified for a lower heat of hydra¬ 
tion, for large structures or warm weather. 

_ (3) Type III: Modified for high, early strength, 

where forms must be removed as soon as 
possible, such as high-rise construction or 
cold weather. 

_ (4) Type IV: Modified for low heat for very large 

structures. 

_ (5) Type V: Modified for sulfate resistance. 

_ (6) Types IA, IIA, or IIIA: Air-entrained to 

resist frost. 

_ b. Fine aggregate (sand): /" or smaller. 

_ c. Course aggregate (rock and gravel): Vt to 2". 

_ d. Clean water: Just enough to permit ready working 

of mix into forms. Mix should not slide or run off a 
shovel. Major factor effecting strength and durability 
is the water-cement ratio, expressed as gallons of 
water per sack of cement (usually ranging from 5 to 
8). Slump is a measure of this: 
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3. Structural Characteristics (Primer) 
_ a. Strength 
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b. Bending 

_ (1) Concrete is strong in compression but has 

little dependable tensile strength. Steel is 
strong in tension. When they are combined 
in a reinforced concrete bending member, 
such as a beam or slab, the concrete resists 
compression and the steel resists the ten¬ 
sion. Thus, the reinforcing must be located 
at the tension face of the member. 


T 

Reinforcing splices in continuous-top rein¬ 
forcing are usually located at midspan. 
Splices at bottom reinforcing are usually 
located over supports. 

(2) Reinforcing: Steel 
bars start at #2s, which 
are dia. Sizes go up 
to #lls, with each size 
an added All bars 
are deformed except 
#2s. A common prob¬ 
lem is trying to cram 
too many bars into too 
small a section. 
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REJIslFD^aslS- GRAPE5 £ SilEfe 


ENGLISH 

METRIC 

6RAPE6 i 

40 


3CO 


<bO 


4 ZO 


7S> 


£>-to 

512 set 

e>xi£ 

r mmT£K6n) 

SIZE 

PIAMETBt CM«: 




*! o 



** 4 

0.900 

*19 

12.7 


* 9> 

<5. *25 

*19 



*<b 

0.190 


13.1 


* 7 

0.&79 

*22. 

22.2 


i#g 

1.000 


Z5t4- 



1.128 


28.7 


*io 

1,270 


32.3 


* 11 

l,4lo 


35.8 


*14 

■us?’ 


43-0 


* 1 $ 

2.257 

*37 

57.3 


(3) Shear 
— («) 


_ (b) 


When con¬ 
crete fails in 
shear it is 
generally 
due to a ten¬ 
sion failure 
along a di¬ 
agonal line. 

Vertical steel “stirrups” or diagonal 
bars are often used to tie the top 
and bottom parts together across 
the potential crack and prevent 
failure. This steel must be placed 
accurately in the field. 

The weakness of concrete in diago¬ 
nal tension leads to problems with 
keys and construction joints. 
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Column 




CONOTeruoTION JOINT IN 031.- 
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(4) Bond: Reinforcing lap splices need to be 
long enough to bond with the concrete. 
These splices close to the surface are weak, 
so reinforcing needs to be centered or kept 
clear of surfaces. In general, bars should not 
be lap-spliced at points of maximum stress. 
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Columns 

_ (a) In columns, both the concrete and 

the steel can work in compression. 

_ ( b ) Bars need steel ties to keep them 

from buckling outward. Also, 
closely spaced ties help confine the 
concrete against breaking apart. 

_ (c) 90° hooks are often used, but 

should not be used in seismic areas. 
The best anchor for the end of a tie 
is a 135° hook around the rebar and 
back into the concrete. 

_ ( d ) The ultimate in tying bars against 

outward buckling and confining 
concrete against breaking apart is 
the spirally reinforced column. 

_ (e) Reinforcing is often lap-spliced at 

floor levels. 

Concrete shrinks: Details must allow for 
this. Try to avoid locking fresh concrete 
between two immovable objects. Pouring 
sequences should consider this problem. 
Prestressed Concrete: 

_ (a) Differs from ordinary, reinforced 

concrete in that prestressing steel 
is under a very high tension, com¬ 
pressing the concrete together, 
before any load is placed on the 
member. This strengthens the con¬ 
crete in shear as well as bending. 
This requires very high-strength 
steel which is impractical in ordi¬ 
nary reinforced concrete but results 
in large steel savings. 

_ ( b ) Posttensioning involves tightening 

the rods or cables after the concrete 
is poured and cured. This concen¬ 
trates a large stress at each end of 
the cables and requires special care 
(bearing plates, special hardware, 
reinforcing, etc.) to prevent failure 
at these points. If an end connec¬ 
tion fails in unbonded posttension¬ 
ing, there’s no reinforcing strength 
left! 
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(c) Pretensioning has none of these “all 
the eggs in one basket” problems. 
Pretensioning lends itself to pre¬ 
cast, plant-produced members, 
while posttensioning lends itself to 
work at the job site. 

( d ) Problems 

_ 1. Continuing shrinkage is the 

most common problem with 
prestressed concrete. All 
details must consider long¬ 
term shrinkage. 

_ 2. Notches in precast tees at 

bearing may cause problems. 
Use quality bearing pads. 

4. Testing: Typical design compressive strengths are f'c = 
2500 to 3000 psi. To be sure of actual constructed strengths, 
compressive cylinder tests are made: 


7-Day Break 

28-Day Break 

60 to 70% of final strength 

Final strength 

The UBC requires average of three tests to meet or exceed 
f'c. No test must fall below f'c by 500 or more psi. 

Finishes: Different wall finishes can be achieved bv: 

Type 

Cost 

_ a. Cast shapes and textures 

_ b. Abrasive treatment (bush 

hammering, etc.) 

_ c. Chemical retardation 

(exposed aggregate, etc.) 

$3.30 to $7.00/SF 

$1.50 to $6.00/SF 

$0.90/SF 
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3. FOUNDATIONS 


1. Functions 

_ a. Transfers building loads to ground 

_ b. Anchors the building against wind and seismic loads 

_ c. Isolates the building from frost heaving 

_ d. Isolates building from expansive soils 

_ e. Holds building above or from ground moisture 

_ f. Retards heat flow to or from conditioned space 

_ g. Provides storage space (basements) 

_ h. Provides living space (basements) 

_ i. Houses mechanical systems (basements) 


2. Types 

_ a. Slab-on-grade _ b. Crawl space _ c. Basement 



_ 3. Types 

_ a. Spread Footings: Used for 

most buildings where the 
loads are light and/or there 
are strong, shallow soils. At 
columns, they are a single 
“spot” square directly bear¬ 
ing on the soils. Bearing 
walls have an elongation of 
the above. These are almost 
always of reinforced con¬ 
crete. 
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b. Grade Beams: These are 
used where upper soils 
are weak. They take wall 
loads and transfer them 
over to column founda¬ 
tions as if the beam 
were in the air. They are 
of reinforced concrete. 
Where soils are expan¬ 
sive, forms are some¬ 
times hollow at the 
bottom to allow for soil 
heave without lifting the 
beam. This system is usu¬ 
ally used with drilled 
piers at the columns. 

c. Drilled Piers or Caissons: 
These are used for heavy 
loads and/or where the 
soil is weak down to a 
stronger depth. These are 
almost always of rein¬ 
forced concrete. 
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_ d. Piles: These are used 

for heavy loads and/ 
or where deep soils 
are weak. End bear¬ 
ing piles are driven 
down to a deep bear¬ 
ing stratum. Friction 
piles are used where 
there is no reason¬ 
able bearing stratum 
and they are driven 
until a certain amount of resistance (from skin fric¬ 
tion against the soil) is obtained to counteract the 
column load. Piles can be timber, reinforced con¬ 
crete, or steel (with concrete fill). 

_ e. Rafts or Mats: Rein¬ 
forced concrete rafts 
or mats can be used 
for small, light-load 
buildings on very 
weak and expansive 
clays. These are often 
post-tensioned con¬ 
crete. They can also 
be used at the bottom 
of subbasements of very large buildings where there 
are deep mushy soils. Either way, they allow the 
building to “float” on or in the soil, like a raft or ship. 

4. Depths (spread footings) should be at or below frost line 
(see App. B, item C): 


a. 

No Freeze 

1'—6' 

b. 

+20°F 

2-6' 

c. 

+10°F 

3-0' 

d. 

0°F 

3'-6' 

e. 

-10°F 

4'—0' 

f 

-20°F 

4'—6' 


5.Differential Settlement: 14 " to M" 
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_ C. CONCRETE MEMBERS 

(SIZES AND COSTS) @® @@ 

See p.168 for span-to-depth ratios. 


1. Concrete Substructure 

_ a. Spread footings 



Spread footings located under walls and columns 
are appropriate for low-rise buildings (one to four 
stories) where soil conditions are firm enough to 
support the weight of the building on the area of the 
spread footings. When needed, footings at columns 
can be connected together with grade beams to pro¬ 
vide more lateral stability in earthquakes. Spread 
footings are the most widely used type of footing, 
especially in mild climates, because they are the 
most economical. Depth of footing should be below 
topsoil and frost line, on compacted fill (or firm 
native soil) but should be above water table. 

Concrete spread footings are normally 1' thick, 
but at least as thick as the width of stem wall. Width 
is normally twice that of stem wall. Typical column 
footings are 4' square for one-story buildings. Add T 
for each story up to ten stories. 

Approximate cost for a column-spread footing (M and L) with 
excavation, backfill, and reinforcing with 3000 psi concrete, 3' x 
3', 12": $60 to $150/ea. 

Approximate cost for a wall-spread (strip) footing (stem wall not 
included), 12" x 2 W is $30/LF. 

Approximate cost of concrete stem walls: 6" x 4' high is $49.50/LF. 

_ b. Other foundation systems: As the weight of the 

building increases in relation to the bearing capacity 
(or depth of good bearing) soil, the footings need to 
expand in size or different systems need to be used. 

_ (1) For expansive soils with low to medium 

loads (or high loads with rock not too far 
down), drilled piers (caissons) and grade 
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FLOOR 


6RADE. &EAM 


•Z tO-i CTA. 


F’letR 


beams can be 
used. The pier 
may be straight 
like a column 
or “belled” out 
to spread the 
load at the 
bearing level 
of soil. The 
grade beam is 
designed to 

resist expansion or compression of the soil 
as if it were in the air. 



Approximate cost of a 28" deep x 1' wide, 8-KLF load grade beam 
spanning 15' is $65/LF (M and L). 

Approximate cost of a 2' x 50' concrete caisson (3000 psi concrete) 
is $2380/each (M and L). 

_ (2) Piles: Piles are 

long columns that 
are driven into the 
ground. Piles trans¬ 
fer the loads to a 
lower, stronger 
stratum or can 
transfer the load by 
friction along the 
length of the pile 
(skin friction). Piles 
are usually grouped 
together under a footing (pile cap) of 
reinforced concrete. Piles should be at 
least 2.5' apart. 

Approximate cost of reinforced concrete (3000 psi) PILE CAP 
for two piles with a dimension of 6.5' x 3.5' by 1'—8' deep for 45K 
load is $460/ea. (M & L). 



Different types of piles, their loads, and approximate costs 
(M and L): 


CIP concrete, end-bearing, 50k, with 12" to 14" 
steel shell, 25' long, $870/ea. 

Precast concrete, end-bearing, 50k, 10" sq., 50' 
long, $655/ea. 

Steel pipe, end-bearing, 50k, 12" dia., 50' long, 
$2095/ea. 


H 

O 
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_ Steel H Piles, end-bearing, 100k, 50' long, 

$1540/ea. 

_ Steel-step tapered, end-bearing, 50k, 50' long, 

$880/ea. 

_ Treated wood pile, 3 ea. in duster, end-bearing, 

50k, 25' long, $1945/ea. group. 

_ Pressure-injected footings, end-bearing, 50k, 50' 
long, $1860/ea. 

_ (3) Mat foundations: For poor soil 

conditions and tall buildings (10 to 20 sto¬ 
ries) with their overturning moments, a mat 
foundation is required. A mat foundation is 
a large mass of concrete laid under the 
entire building. Mat foundations range 
from 4' to 8' thick. 

Approximate cost: See p. 273. 

_ 2. Concrete Superstructure 

_ a. Concrete slabs 

_ (1) Slab-on-grade: 

General rule on 
paving slabs is that 
depth should be Vi to 
'A of average annual 
frost penetration. 

Typical thickness: 

Floors 

Garage Floors 
Terraces 
Driveways 6" to 8" 

Sidewalks 4" to 6" 

Approximate cost of 4" reinforced slab is $3.00 to $3.60/SF. 

For rock base see p. 265. 

For vapor barrier see p. 365. 

For compacted subgrade see p. 238. 

For termite treatment see p. 256. 

_ (2) Reinforced concrete slabs in the air: For 

general span-to-depth ratios, see p. 168. 

_ (a) One-way slab 

_ Usual spans: 6' to 20' 

_Typical SDR: 

20 for simple spans 
28 for continuous spans 


-eu-\K> 

-Rem forcing 



K-l&jexzmz. 


4" 

5" 

5" 
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(b) Two-way flat plate slabs 
_ Flat plate 

_ Usual spans of 20' to 30'. 

_ Usual thickness: 6" to 12" 

_ Usual maximum ratio of 

long to short side of bay: 
1.33. 

_ Typical ratio of span to 

depth: 30. 

_ Another common rule is to 

allow 1" thickness for each 
3' of span. 


Approximate costs of $10.55/SF (15' bays, 40 psf) to $12.95/SF (25' 
bays, 125 psf). 25%M and 75%L. 



(c) Flat slab with drop panels 

_ Usual spans: 25' to 36' 

_ Usual thickness: 6" to 12" 

_ Usual maximum ratio of long 

to short side of bay: 1.33 

_ Side of drop panels: +/- 'A span 

_ Typical ratios of span to depth 

24 to 30 


Approximate costs of $11.00/SF (15' bays, 40 psf) to $14/SF (35' 
bays, 125 psf). 35%M & 65%L. 



( d ) Two-way waffle slabs 

_ Longer 2-way spans and heav¬ 
ier load capacity. 

_ Usual spans: 25' to 40'. 

_ Standard pan sizes: 20" to 30" 

square with other sizes avail¬ 
able. Standard pan depths 8" to 
20" in 2" increments. 

_ Usual maximum ratio of long 

to short side of bay is 1.33. 

_ Typical ratio of span to depth: 

25-30. 


Approximate cost of $15.50/SF (20' bays, 40 psf) to $19.55/SF (40' 
bays, 125 psf). 40%M and 60%L. 
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(e) Precast, prestressed concrete planks 

_ Thickness of 6" to 12" in 2" 

increments. 

_ Spans of 8' to 36'. 

_ Span-to-depth ratio of approxi¬ 
mately 30 to 40. 

_ 134" to 2" cone, topping often 

used for floors. 


Approximate cost of $8.65/SF for 6" thick (85% M and 15% L) 
with 35% variation higher or lower. Add $0.25 for each added 
2". Add $2.40/SF for topping. 



b. Concrete beams and joists 

_ (1) Precast concrete I beams (prestressed) 

_ (u) Typical beam thickness of 12" to 

16". 

_ ( b ) Spans range from 20' to 100'. 

_ (c) Approximate ratios of span to 

depth of 15 to 25. 

Approximate cost of $65.70/LF for 15' span and 
$288/LF for 55' span (90% M and 10% L) with varia¬ 
tions of 20% higher or lower. 



(2) Prestressed T beams (single and double 
tees) 

_ (a) Typical flange widths of Vi to A the 

effective depth (8' to 10'). 

_ ( b ) Usual spans of 20' to 120'. 

_ (c) Approximate ratio of span-to- 

depth ratio: 24 to 32. 

_ (d) Usually has 134" to 2" concrete top¬ 
ping for floors. 


Approximate cost of double tee 2' deep x 8' wide with 35' to 80' 
span is $6.30 to $8.00/SF (90% M and 10% L) with variation of 
10% higher or lower. 
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(3) Concrete beams and joists. 

SDR: 

simply supported = 16 

one end continuous = 18.5 

both ends continuous = 21 

cantilever = 8 

Width should be M to / the total depth. 

Approximate cost of P.C. beam, 20' span is $70.00/LF (70% M 
and 30% L). Cost can go 3 times higher with 45' spans and 
heavy loads. 

_ c. Concrete columns 

(1) Round columns usually 12" minimum. 

(2) Rectangular: 12 in sq. minimum. 

(3) Usual minimum rectangular tied columns 
10" x 12". 

(4) Square or round spiral columns: 14"; add 2" 
for each story. 

(5) Most columns are “short”: maximum height 
10 times least cross-section dimension. Typ¬ 
ical column height is 12.5' for multistory 
building. 

(6) Maximum unbraced height for “engi¬ 
neered” long columns: 20 times least cross- 
section dimension. 

Approximate cost of $55 to $100/LF (30% M and 70% L). Use 
lower number for single-story, min. loads, and min. reinforcing. 

_ d. Concrete walls 

_ (1) Wall Thickness 

_ (a) Multistory: 8" top 15', add 1" for 

each successive 25' down. 

_ ( b ) Basements: 8" minimum. 

r"=rrf _ (c) Nonbearing: Minimum thickness 

6". Maximum ratio of unsupported 
height: 25 to 30. 

_ ( d ) Precast wall panels: 

Minimum thickness: 572". 
Maximum ratio of unbraced length 
to thickness: 45. 




inr 
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Approximate cost of $18.40/SF for 6", reinf. wall (65% M and 
35% L) with variation of 35% higher for special finishes. Add 
$1.00 per each added inch thickness. 

_ (2) “Tilt-up” (on site precast) 

_ (a) Height-to-thickness ratio: 40 to 50. 

_ ( b ) Typical heights: 22' to 35'. 

_ (c) Typical thickness: 514" to 8". 

_ ( d ) Typical use: Favorable climate, 

20,000 SF size building or larger. 
Time and material savings can cut 
cost = 14, depending on height and 
area, compared to masonry. 

Costs: $8.40 to $14.40/SF (45% M and 55% L), costs can double 
for special finishes. Add = 30% for concrete columns. 
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A. MASONRY MATERIALS 


1. General: Masonry consists of: 

_ a. Brick 

_ (1) Fired 

_ (2) Unfired (“adobe”) 

_ b. Concrete block (concrete masonry units or CMU) 

_ c. Stone 

_ d. Glass block 

2. Structural Characteristics 

_ a. Strength 
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_ b. Load centers on masonry must lie within the center 'A 

of its width. 

_ c. Reinforcing: Like concrete, masonry is strong in 

compression, but weak in tension. Therefore, steel 
reinforcement must usually be added to walls to sim¬ 
ulate columns and beams. 

_ (1) Like columns: Vertical bars @ 2' to 4' oc. 

_ (2) Like beams: “Bond Beams” @ 4' to 8' oc. 

_ (3) Also, added horizontal wire reinforcement 

(ladder or truss type) @ 16" oc. vertically, to 
help resist lateral forces and cracking. 

3. Bonds 

_ a. Structural (method of laying units together): 

_ (1) Overlapping units. 

_ (2) Metal ties (should be galvanized with zinc 

coating of 2 oz/SF, or stainless steel). Wire 
ties usually @ every 3 SF, or . . . 

Metal anchors, usually at 16" oc, vertical 
and 24" oc, horizontal. 

_ (3) Grout and mortar: 

_ (a) Grout: A “soup” of sand, cement, 

water, and often pea gravel that 
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encases reinforcing bars. Usually 
2000 psi comp, strength. Always 
poured in cavities with high slump. 
Except for adobe brick, the mortar 
is considerably weaker than the 
bricks or blocks. The mortar is more 
elastic amd its joints shrink more. 
See p. 273. 

(ft) Mortar: Stiffer mix of sand, cement, 
lime, and water, to bond units 
together by trowel work. Types: 

_ N General purpose, medium 

strength, for above grade. 
_ M High strength, for high com¬ 
pression, above-grade. 

_ S High strength, for compres¬ 
sion and tension. 

_ O High lime, low strength, eas¬ 
ily workable for veneers not 
subject to freezing. 

_ K Low strength, for interiors. 


_ (4) Bond joints - 

_ (5) Bond patterns 
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4. Control and Expansion Joints 

a. Width 


(1) Thermal movement. See p. 382. 

Plus, 

(2) Movement due to moisture: 

_ (a) Bricks expand; should be 

laid wet. 

_ ( b ) Concrete blocks shrink like 

concrete; should be laid dry. 
Plus, 

(3) Construction tolerance. 

Total width 


_ b. Locations 

_ (1) Corners 

_ (2) Length of walls: 20' to 25' oc. 

_ (3) Offsets, returns, and intersections. 

_ (4) Openings: 

_ (a) One side of opening, less than 6' wide. 

_ ( b ) Two sides of opening, greater than 

6' wide. 

_ (5) Against other materials. 

5. Embedments: The best metal today for embedment in 
concrete or masonry is stainless steel, followed by bronze, 
then brass; however, most structural embedments remain 
galvanized steel. 

6. Coatinas: Must be (see p. 424) 

_ (1) “Bridgeable” (seal cracks) 

_ (2) Breathable (do not trap vapor) 


7. Brick 

_ a. Types 

_ (1) Common (building) 

_ (2) Face 

_ ( a ) FBX Select 

_ ( b ) FBS Standard 

_ (c) FBA Architectural 

_(3) Clinker 

_ (4) Glazed 

_ (5) Fire 

_ (6) Cored 

_ (7) Sand-lime (white, yellow) 

_ (8) Pavers 

_ b. Weatherability 

_ (1) NW Negligible weathering; for indoor or 

sheltered locations and warm climates. 

_ (2) MW Moderate weather locations. 
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_ (3) SW Severe weather locations and/or earth 

contact as well as cold, wet climates, 

c. Positions ^^ 
f W 
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ieneszwsZ 
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iueAoeX- 



d. Sizes: 

(modular brick based on 4" module with %" jt.) 

e. Coursing: See p. 301. 
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6. Concrete Block fCMUl 

_ a. Types: Plain (gray), colored, pavers, special shapes 

(such as “slump”), and special surfaces (split faced, 
scored, etc.). 

_ b. Size: See p. 302. 

_ c. Coursing: See p. 303. 
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9. Stone 

_ a. Type unit 

_ (1) Ashlar: Best for strength and stability; is 

square-cut on level beds. Joints of Vi" to %". 

_ (2) Squared stone (coursed rubble): Next-best 

for strength and stability; is fitted less care¬ 
fully than ashlar, but more carefully than 
rubble. 

_ (3) Rubble: Built with a minimum of dressing, 

with joints unevenly coursed, or in a com¬ 
pletely irregular pattern. Stones are lapped 
for bond and many stones extend through 
wall (when full-width wall) to bond it trans¬ 
versely. If built carefully, with all interstices 
completely filled with good cement mortar, 
has ample durability for ordinary struc¬ 
tures. 

_ b. Typical materials 

_ (1) Limestone 

_ (2) Sandstone 

_ (3) Quartzite 

_ (4) Granite 

_ c. Wall types 

_ (1) Full width 

_ (2) Solid veneer (metal ties to structural wall) 

_ (3) Thin veneer (set against mortar bed against 

structural wall) 

_ d. Pattern types (see p. 310) 
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3 . MASONRY MEMBERS 

(SIZES AND COSTS) @ ® @ @ 

See p. 168 for span-to-depth ratios. 


1. Concrete Block (CMU) 

_ a. CMU columns 

See p. 169 for general rule 
of thumb. Max. ht. to thick¬ 
ness ratio = 20. Min. size = 
12" x 12". 

_ b. CMU walls 

_ (1) Nominal min. thick¬ 
ness: 6" 

_ (2) Ratio of unsup¬ 
ported length or ht. 
to thickness: 25 to 
35 




Costs: CMU (Reg. wt., gray, running bond, typ. reinfg. and grout) 


4" walls: $7.20/SF 

6" walls: $7.80/SF 

8" walls: $9.00/SF 

12" walls: $11.10/SF 


(Typical 25 to 30%M and 75 to 
70%L) 

(Variations for special block, such as 
glazed, decorative, screen, etc. + 15% 
to 150%) 


Deduct 30 to 40% for residential work. 


_2. Brick Masonry 

_ a. Columns 

_ (1) Seep. 169 for general rule 

of thumb. 

_ (2) Usual min. dimension of 

12" (sometimes 8"). 

_ (3) Maximum height = 20 x 

least dimensions. 

_ (4) If unreinforced = 10 x least dimensions. 

Costs: 12" x 12", standard brick: $41.40/VLF (20%M and 80%L). 

_ b. Pilasters 

_ (1) Usually consid¬ 
ered when wall 
is 20' high or 
more. 
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_ (2) Typically needed under beams or heavy 

trusses. 

_ (3) Depth of pilaster: Vn of wall height. 

_ c. Brick walls 

_ (1) Maximum ratio of 

unsupported length 
or height to thick¬ 
ness: 20. 

_ (2) Reinforced bearing 

walls: Nominal 
minimum thickness: 6". 

_ (3) Unreinforced bearing wall: 

1 story: 6" min. thickness 

2 stories: 12" thick 

+ 35': 12" upper 35' and + 4" added to each 
35' below 

_ (4) Cavity walls: Typical nominal minimum 

dimensions of 10" (including 2" air space). 

Costs: Standard brick, running bond w/reinforcing (25%M & 75%L) 
(Variations of +5%, -20%): 

4", single wythe, veneer: $13.20/SF 

8", double wythe, cavity-filled: $27.60/SF 

12", triple wythe, cavity-fdled: $40.80/SF 

For other bonds, add 15% to 30% 

_ d. Brick arches 

_ (1) Minor arches: 

_ (a) Span: Less than 6' 

_ (b) Configuration: All 

_ (c) Load: Less than 1000 PLF 

_ ( d ) Span-to-rise: 0.15 max. 

_ (2) Major arches: 

_ (a) Span: Over 6' 

_ ( b ) Configuration: Semicircular & par¬ 
abolic 

_ (c) Load: Over 1000 PLF 

_ (d) Span-to-rise: greater than 0.15 

(f\ /f \ 

CIRCULAR ELLIPTICAL SEC-MEUTAL PARABOLIC POIWTER 
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SEMICIRCULAR SE6 MENTAL 


=m\\\\\uii////= 





JACK 



PARA&OUC 


_ 5. Stone Masonry 

_ a. Bearing walls 

_ (1) Nominal minimum thick¬ 
ness = 16". 

_ (2) Maximum ratio of unsup¬ 
ported length or height to 
thickness = 14. 

_ b. Nonbearing walls 

_ (1) Nominal minimum thick¬ 
ness = 16", veneer = IV 2 " 
cut stone, 4" rough. 

_ (2) Maximum ratio of unsupported length or 

height to thickness = 18. 

Costs: 4" veneer (most common): $14.40 to $17.40/SF (40%M and 

60%L) (Variation: + 50%) 

18 rough stone wall (dry): $52.80/CF (40% and 60%L) 
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RANPOM RUBBLE COURSE. RUBBLE 
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_ A. METAL MATERIALS 

(T) (16) (26) (42) (50) (60) 


1. General 

_ a. Ferrous metals (contains iron) 

_ (1) Iron: Soft, easily worked, oxidizes rapidly, 

susceptible to acid. 

_ (2) Cast iron: Brittle, corrosion-resistant, high- 

compressive strength. Used for gratings, 
stairs, etc. 

_ (3) Malleable iron: Same as above, but better 

workability. 

_ (4) Wrought iron: Soft, corrosion- and fatigue- 

resistant, machinable. Used for railings, 
grilles, screws, and ornamental items. 

_ (5) Steel: Iron with carbon. Strongest metal. 

Used for structural purposes. See p. 316. 

_ (6) Stainless steel: An alloy for max. corrosion 

resistance. Used for flashing, handrails, 
hardware, connections, and equipment. 

_ b. Nonferrous metals (not containing iron) 

_ (1) Aluminum: Soft, ductile, high corrosion 

resistance, low strength. 

_ (2) Lead: Dense, workable, toxic, corrosion- 

resistant. Improved with alloys for hardness 
and strength. Used as waterproofing, sound 
isolation, and radiation shielding. 

_ (3) Zinc: Corrosion-resistant, brittle, low- 

strength. Used in “galvanizing” of other 
metals for corrosion resistance for roofing, 
flashing, hardware, connections, etc. 

_ (4) Chromium and nickel: Used as alloy for 

corrosion-resistant bright “plating.” 

_ (5) Monel: High corrosion resistance. Used for 

fasteners and anchors. 

_ (6) Copper: Resistant to corrosion, impact, 

and fatigue. Ductile. Used for wiring, roof¬ 
ing, flashing, and piping. 

_ (7) Bronze: An alloy for “plating.” 

_ (8) Brass: Copper with zinc. Used for hard¬ 
ware, handrails, grilles, etc. 

2. Corrosion to Metals 

_ a. Galvanic action, or corrosion, occurs between dis¬ 
similar metals or metals and other metals when suf¬ 
ficient moisture is present to carry an electric 
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current. The farther apart two metals are on the fol¬ 
lowing list, the greater the corrosion of the more 
susceptible one: 

Anodic (+): Most susceptible to corrosion 
Magnesium 
Zinc 

Aluminum 

Cadmium 

Iron/steel 

Stainless steel (active) 

Soft solders 

Tin 

Lead 

Nickel 

Brass 

Bronzes 

Nickel-copper alloys 
Copper 

Stainless steel (passive) 

Silver solder 

Cathodic (-): Least susceptible to corrosion 

_ b. Metals deteriorate also when in contact with chemi¬ 
cally active materials, particularly when water is 
present. Examples include aluminum in contact 
with concrete or mortar, and steel in contact with 
treated wood. 

3. Gauges: See pp. 317 and 318. 

4. Structural Steel 

_ a. General: Steel is stronger and springier than any 

major structural material, and its fairly uniform mo- 
lecularity makes every member nearly the same as 
every other. When extreme stresses deform steel 
past its elastic limit, it doesn’t break. However, its 
strength lowers rapidly when exposed to fire. The 
most commonly used strength grade of steel is 50,000 
psi yield strength (grade 50) with some 36,000 psi 
(A-36) still available. For heavily loaded members 
such as columns, girders, or trusses—where buck¬ 
ling, lateral stability, deflection, or vibration does 
not control member selection—higher-yield strength 
steels may be economically used. A 50,000 psi yield 
strength is most frequently used among high- 
strength, low-alloy steels. 
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METAL GAUGES' 
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High-strength, low-alloy steels are available in sev¬ 
eral grades and some possess corrosion resistance 
to such a degree that they are classified as “weather¬ 
ing steel.” 

Concrete and masonry reinforcing steel (rebar) are 
40,000 psi and 60,000 psi. Wire mesh is 60 to 70 ksi. 


average physical properties 


MATERIAL 

ELASTIC LIMIT 

ULTIMATE S1R6N6TH 
(TOO 

ALLOWABLE working- 
unit (wo 

°! 

JjL 

■J s 

TEN¬ 

SION 

COMP¬ 

RESS. 

TEN¬ 

SION 

comp¬ 

ress. 

SHEAR 

TEN¬ 

SION 

COMP¬ 

RESS. 

SHEAR 

EXTR. 

FIBER 

BENP. 

6AST IKON 



'IhOQO 

7 *=>000 

70000 





nooo M 


WROUGHT IRON 

VoOOO 

■ZWOO 

4&0OO 

4*000 

40000 

1*2000 

1*2000 

QOOO 

1 7000 

2t>000 H 

4SS 

STEEL A-36 

2 <6000 

■%ax> 

70000 

70000 

5500 0 

72000 

20000 

14500 

24000 

2toa> rt 

4 °[0 

ALUM. ALUJY 

feO* 1-T6 

TOoeo 


*38000 


30000 

ieoco 



12000 

,00 % 

17 O 


b. Economy: The weight of structural steel per SF of 
floor area increases with bay size, as does the depth 
of the structure. Cost of steel may not rise as rapidly 
as weight, if savings can be realized by reducing the 
number of pieces to be fabricated and erected. 
Improved space utilization afforded by larger bay 
sizes is offset by increases in wall area and building 
volume resulting from increased structure depth. 

Steel frame economy can be improved by incorpo¬ 
rating as many of the following cost-reducing factors 
into the structure layout and design as architectural 
requirements permit. 

_ (1) Keep columns in line in both directions and 

avoid offsets or omission of columns. 

_ (2) Design for maximum repetition of member 

sizes within each level and from floor to floor. 

_ (3) Reduce the number of beams and girders 

per level to reduce fabrication and erection 
time and cost. 

_ (4) Maximize the use of simple beam connec¬ 
tions by bracing the structure at a limited 
number of moment-resisting bents or by the 
most efficient method, cross-bracing. 

_ (5) Utilize high-strength steels for columns and 

floor members where studies indicate that 
cost can be reduced while meeting other 
design parameters. 
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_ (6) Use composite design, but consider effect 

of in-slab electric raceways or other discon¬ 
tinuities. 

_ (7) Consider open-web steel joists, especially 

for large roofs of one-story structures, and 
for floor framing in many applications. 

The weight of steel for roofs or lightly 
loaded floors is generally least when long 
beams and short girders are used. For heav¬ 
ier loadings, long girders and short filler 
beams should result in less steel weight. The 
most economical framing type (composite; 
noncomposite, simple spans, etc.) and 
arrangement must be determined for each 
structure, considering such factors as struc¬ 
ture depth, building volume, wall area, 
mechanical system requirements, deflec¬ 
tion or vibration limitations, wind or seis¬ 
mic load interaction between floor system, 
and columns or shear walls. 

c. Composite construction combines two different 
materials or two different grades of a material to 
form a structural member that utilizes the most 
desirable properties of each materials. 

_ (1) Composite systems currently used in build¬ 
ing construction include: 

_ (a) Concrete-topped composite steel 

decks 

_ ( b ) Steel beams acting compositely 

with concrete slabs 

_ (c) Steel columns encased by or filled 

with concrete 

_ ( d ) Open-web joists of wood and steel 

or joists with plywood webs and 
wood chords 

_ (e) Trusses combining wood and steel 

_ (f) Hybrid girders utilizing steel of dif¬ 
ferent strengths 

_ (g) Cast-in-place concrete slabs on 

precast concrete joists or beams 
_ (2) To make two different materials act com¬ 
positely as one unit, they must be joined at 
their interface by one or a combination of 
these means: 
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_ (a) Chemical bonding (concrete) 

_ ( b ) Gluing (plywood, glulam) 

_ (c) Welding (steel, aluminum) 

_ ( d ) Screws (sheet metal, wood) 

_ ( e ) Bolts (steel, wood) 

_ (/) Shear studs (steel to concrete) 

_ (g) Keys or embossments (steel deck 

to concrete, concrete to concrete) 

_ (h) Dowels (concrete to concrete) 

_ ( i ) Friction (positive clamping force 

must be present) 

Individual elements of the composite 
unit must be securely fastened to prevent 
slippage with respect to one another. 

d. Shapes and designations 


I I C 

wipe rw at 1 86am channu. 
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AN6L£ 
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z. 

ru&e 

pipe 


W %£> 

T *£- (pepth in iNcMefe 
I—- wipe flange 


e. Open-web steel joists 
_ (1) Types 
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(2) Joist designation 


Z*> LH 1 0 


£HORC? 



-T/re. of earn. 

- LOt-lCf ^PAN 

NOMINAL pepth 


_ (3) Use K Series for roofs, short spans, or light 

loads. 

_ (4) Use LH Series for floors, longer spans, or 

heavier loads. Use DHL Series for longer 
spans. 

_ (5) Horizontal or diagonal bridging is required 

to prevent lateral movement of top and bot¬ 
tom chords, usually from 10 to 15 oc. 

_ (6) Overhangs can be created by extending top 

chords (up to 5'6"). 
f. Steel decking 

__ (1) Types: 


Rl&fcEP 

C FO 

FORM 

(F) 



Hi-FORH 

0-0 


CORRUGATED 



PSMLTAlL KlftftBP ^ ^ 


COMflDf»ITE 

(PR,FF, PH) 


CELLULAR 
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(2) Fire rating usually dictates thickness. 

Total w/conc. Deck Span 

2 / 2 " to 5" l/i" 2' to 6' 

4" to 6" V/ 2 " 6' to 12' 

5 / 2 " to TA" 3" 9' to 16' 


_ (3) Gauges: 16,18, 20, 22 

_ (4) For shorter spans, usually 8', plain roof 

decks with rigid insulation on top are often 
used. For this type: 

_ (a) Small openings up to 6" sq. may be 

cut without reinforcing. Larger 
openings require steel framing. 

_ ( b ) Roof-mounted equipment cannot 

be placed directly on deck, but 
must be supported on structure 
below. 

g. Structural connections 

_ (1) Rivets (hardly used anymore) 

_ (2) Bolts 

_ (3) Welds 
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SASIC, WELD SYMBOLS 

£>ACK 

WELD 

fillet 

WELD 

PLU&0R 

6RDDVE 

BUTT Jkar4T<5* 

j 

FlAKE. 

V 

FlAKE. 

K*LV£L 

V 

eeveu 

u 



□ 

II 

V 



y 

H 

Y 

ir 

SUPPLEMENTARY SYMBOLS 

e*\6KIN6 


W6U?AM. AROUlW 

FIELD Vv£U> 

FU>E>*4 

CONVEX 

JZElL 

-P*V- 

o 


— 

W'-'N 


FlNlfW 4YMI&OL 
CONTOUR 4VM*OL 
ROOT OWWiNfr D6PTM 
OF FILUNO RJRflDfi- 
Amo 4+OT WBUP4* 
EFFECTIVE THR 


R£F£*£>1C6 UOfc 

»A-wc wtu> Paves 

4YMfcoL OR P6.TAIU 
REFERENCE 

rwe^a nuro of w*m? ovr^aoL. 4 i.v 4 a.TS 
rsao rws 4 AMc pineoTioN ite 6 >AKOLe .44 
OF which PiRECTioN TH 6 AlWoW 14 


6 ROOVE A*VK 6 OR INCWPRP 
AN<U£ OF COurTTBJZ. 4 iKlK. Ffctf. 
PU /4 WBU>b 

L6H&TW OF WBtP IN WCH6€» 



ARROW conn»c.T 4 REFERENCE urtt To 

ARROW *106 OF JOINT U 4 E »*oKEn un£S 
SHOWN TO 5 ISNIFTTHAT ARROW iSPOINTlHC. 
TO TH 6 OROOVSP MEMBER IK «*V 6 t- <?«. 

4 GtfOOVEC? JOINTS 


5. Liaht 

_ a. 


b. 


Metal Framina 

Joists 

_ (1) Makes an 

economical 
floor system 
for light 
loading and 
spans up to 
32' 

_ (2) Depths: 6", 

8", 9", 10", 

12 " 

_ (3) Spacings: 

16", 24", 48" 
oc 

_ (4) Gauges: 12 

through 18 
(light = 20-25 GA; structural = 18-12 GA) 

_ (5) Bridging, usually 5' to 8' oc 

Studs 

_ (1) Sizes 

_ (a) Widths: 3 A", 1", 1 3 A", VA", 2" 

_ ( b ) Depths: 2/i", 3 5 A", 4", 6", 8" 
































Metal Materials 325 


_ (2) Gauges: 14,15,16,18, 20 

_ (3) Spacings: 12", 16", 24" oc 

6. Miscellaneous Metals 

_ a. Nails 

_ (1) Size: 


Penny 

Gauge 

Length 

2 

15 

1" 

3 

14 

VA" 

4 

12% 

1%" 

5 

12% 

V/" 

6 

11% 

2" 

7 

11% 

2%" 

8 

10 % 

2 %" 

9 

10% 

2 3 / 4 " 

10 

9 

3" 

12 

9 

3%" 

16 

8 

3%" 

20 

6 

4" 

30 

5 

4%" 

40 

4 

5" 

50 

3 

5%" 

60 

2 

6" 


Rule of thumb: Use nail with length 3x 
thickness of board being secured. 
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_ (2) Types 


r 


TTTTr 


COMHOM NAIL &KFAT How’ll f&Wse WE TO MtAE HEAP, 
U^WHBKE NOTAEEH. 


0 0* MAIL AIWIAR TO OOMMON Silt ^LIMMSfc^HAfJt. 

EAEu-y -&&>gr aor lea>s> likl&y to aput wooc?. 
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MORE AH6ULAZ. HEAP FOR. FU»RIN6- 4 OoOtL. 
CAAIN6£>. 


RqofimC- mail made. With a wipe, heap ano osoAu-y 

<SAU/AHIZ6P, PlFFBCeNr TVPEA I3AC-&P ON 
TTPE ROOFING- 


HAaOMKT NAIL- CAAG. - HARPEN&P W/ A FUIT6P AHArtK 
FOR UE6 IKl FAETSMINE VSCOV TP COtJO. 
pR MA^pNey. 


Dry WAU- NAU- COATED W/ PEM&NT W/A AOeOIAL. 

HEAP for KECEAfeiMG BELPW DRTWmlL 
•SURFACE.. 


PM -■ ■ - -> 

8 KAt 7 a^mau, Fomina- nail for ■smau. tcim. 
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b. Screws and bolts 


^ FLAT UgAfl WODP -&CREW 
F0£ FA6T£NIM6-W(XJ|7ToWCOP 


zumnmB> 

LA6- ^5ur 

FOK HEAVY LOAP£ N WOOC? 


£nzmms> 
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c. Timber connectors (see p. 353 for costs) 



0 

0 



r&R 

to ooticazm 


O 


b o 



AHMCU? 




6*M CAP 
Ft7ef^r Tt> 
beAM. 






5-TAlC AM*u£ 


ooo 
o o 

o o o 
o o 
ooo 
o o 
ooo 
o © 
ooo 


TKUS^FIATE. PX 
coTi^uxo&> 



heavy Ptny -ici^T eupffcer 
ft^- ne^pe£. 



Heavy tw 

FOf? J©f*T TO 



OVEf^AtOti- Joi^T 6ufft>rr Joi*r AW6L6 RXt 

FOfZ. JOi^r T» HeASXK JOIST To HSACeP- 


Notes: Numbers in parentheses below, with corresponding uses, refer to 
connectors illustrated above. 

(1) Individual post base supports in concrete foundations. 

(2) Truss or joist to plate and stud to plate, every other member 
(every member in high-wind regions). 

(3) For hanging a beam from a truss or deep beam, above. 
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fuguiJ WAOfraa foe. 

pueuo to eafiw. 



P6AM AND FVKuH VWKee. 
fte. pveuiJ it) EAFree. 



Heavy- otiY J«>i»r 

(CBSsBMlV6 8t*fc.) 




(4) High lateral wall braces used mainly for erection bracing at each 
corner. 

(5) To hold sill in place at each corner and every 4' to 6' o.c. 

(6) Can be used for pitched joist to wall or plate. 
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_ B. STEEL MEMBERS (SIZES AND COSTS) 

® © © ® ® 

See p. 168 for span-to-depth ratios. 


_ 1. General Costs: Steel framing for 1-story building: 

$13.20/SF to $16.80/SF 
For 2- to 6-story: +$1.35/SF 

_ 2. Light Steel Construction 

_ a. Stud walls 

_ (1) Widths of 1%", 

2 / 2 ", 3Ys", 4", 
and 6". 

_ (2) Maximum 

heights range 
from 9' to 16'. 

_ (3) Available in 

load-bearing 
(LB), 14 GA to 
20 GA, and 
non-load-bear- 
ing (NLB), 26 GA to 14 GA. 

Costs: 3 5 /s" studs, LB, 16 oc: $2.25 /SF wall area (20%M and 80%L) 
Deduct or add 10% for each increment of size. 

For 24" oc: -25% 

For 12" oc: +25% 

For NLB (25 GA): -30% 



_ b. Joists 

_(1) Span 15' to 30'. 

_ (2) See p. 169 for rule of 

thumb on span-to-depth 
ratio. 

_ (3) Typical savings of 16" to 

24" oc. 

Costs: 8" deep, 16" oc, 40 psf, 15' span: $3.85/SF floor 
Add 15% for each added 5' span up to 25'. 

For 30' span, add 75%. 

24" oc, about same cost. 



c. Steel pipe and tube columns 

_ (1) Minimum pipe diameter: 

3V4". Minimum tube size: 
3" sq. 
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(2) In general, assuming normal load condi¬ 
tions, the minimum diameter in inches can 
be estimated by multiplying the height in 
feet by 0.33. 


Costs: 3" dia. or 3" sq., 10' unsupported height: $18/LF (55%M and 
45%L). Cost can go up to double as load, height, and size 
(up to 8") increase. 

_3. Heavy Steel Construction 

_ a. Steel decking 

_ (1) For roofs, depths range 

from VA" to 3", for spans 
of 6' to 18'. 

_ (2) For floors, depths range 

from VA" to 3" for spans of 



7' to 12'. 

(3) For cellular steel floors: 

Thickness: 4" to IVi" 

Spans: 8' to 16' 

(4) Gauges range from 24 to 18 in increments 
of 2. 


Costs: VA", 22 GA, galvanized, non-composite roof deck: $1.30/SF 
(60%M and 40%L). Add $0.25 for each jump in heavier 
gauge to 16 GA. 

1 5 A", 18 GA, galvanized, cellular floor deck: $6.00/SF 
(85%M and 15%L). $7.00 for 3". $10.60 for 4%", 

4" concrete on VA", 22 GA deck, 6' span, 125 psf: $3.95/SF 
(45%M and 55%L). Add 4% for each added foot in span up 
to 10'. 


b. 


Open-web joists 

_ (1) Span range: 8' to 48', up to 

145' for long-span joist. 

_ (2) Spacings: 4' to 8' at floors, 8' at 

roofs. 

_ (3) Manufactured in 2" incre¬ 
ments from 8" to 30" deep and 
18" to 72" for long-span type. 

_ (4) Range of span-to-depth ratios: 

19 to 24. 

_ (5) Designations: Economy K 

Series, long-span LH Series, 
and deep, long-span DLH Series. 



Costs: K Series: $8.40 to $10.20/LF (50%M and 50%L) 
LH Series: $13.80 to $30/LF 
DLH $21.60 to $55/LF 
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_ c. Steel beams 

_ (1) Usual spans of 10' to 60'. 

_ (2) Typical bay sizes of 30' to 40'. 

_ (3) For roof beams, depth of beam 

in inches can be estimated at 
0.5 times the span in feet. 

_ (4) For floor beams, depth of 

beam in inches can be esti¬ 
mated at 0.6 times the span in feet. 

_ (5) Steel plate girders: Spans range from 60' to 

100', with approximate span-to-depth ratio 
of 14. 

Typical costs for steel beams: $2160 to $2640 per ton (50% M and 
50% L). For small projects use larger costs. For large projects 
(over 4 stories) use smaller costs. 

Use the following table to help estimate weight from depth esti¬ 
mated in item 3 or 4, above. 



Beam depth 
(") 

Roof 

(lb/LF) 

Floor 

(lb/LF) 

8 

18 

24 

10 

22 

26 

12 

26 

30 

14 

30 

38 

16 

36 

45 

18 

40 

50 

21 

55 

62 

24 

62 

76 

27 

84 

94 


Table based on minimum roof live load of 20 psf. 
Add 15-25% more weight for snow, etc. For girders, 
add 25%. 


d. Steel columns 

_ (1) See p. 169 for span-to-depth 

ratio. 

_ (2) In general, the 6 and 8 W 

columns carry most light¬ 
weight, low-rise construction. 

The 10,12, and 14 W 
columns have capacities in 
various weights, to handle a large variation 
of extremes in lengths and loads. 

_ (3) Maximum stock size in length is 40'. Col¬ 
umn length in high-rise is 25'. 
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_ (4) Safe loads for normal single-story heights 

can be related to the weights of steel sec¬ 
tions. For lightweight sections, the safe load 
in kips equals approximately 4 times the 
weight of the section per foot. For heavy¬ 
weight sections the safe load equals approx¬ 
imately 5 times the weight of the steel 
section per foot. 

Costs: See floor beams, above, and increase weight by 30%. 

_ e. Steel trusses (see p. 1641 

_ (1) Flat or arched steel trusses 

Spans: 30' to 220' 

Span-to-depth ratio: 10 to 12 
Spacings: 12' to 20'. 

_ (2) Triangular steel trusses 

Spans: 30' to 150' 

Span-to-depth ratios: 2.5 to 4.5 
Spacings: 12' to 20'. 

Costs: $85 to $180/LF (70%M and 30%L) 

_4. Space Framee 

_ a. Spans: In theory 

are unlimited, but 
in reality are lim¬ 
ited by thermal 
expansion. Typical 
spans are 30' to 
120', with can¬ 
tilevers of 15% to 
30% of span. 

_ b. Span-to-depth 

ratios: 

Roof 

Column support: 18 
Edge support: 20 to 25 
Floor: 16 to 20 (not usually used for floors). 

_ c. Modules: Depth to width of 1:3 to 7:10. 

Costs: $25 to $45/SF (65%M and 35%L) 
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_A. WOOD MATERIALS 

®©@(g)@@@(50)@ 


1. General {Note: See p. 350 for species table. See pp. 

326-329 for nails and connectors.) 

_ a. Two general types of wood are used in buildings: 

_ (1) Softwood (from evergreen trees) for gen¬ 
eral construction 

_ (2) Hardwood (from deciduous trees) for fur¬ 
nishings and finishes 

_ b. Moisture and shrinkage: The amount of water in 

wood is expressed as a percentage of its oven-dry 
(dry as possible) weight. As wood dries, it first loses 
moisture from within the cells without shrinking; 
after reaching the fiber saturation point (dry cell), 
further drying results in shrinkage. Eventually wood 
comes to dynamic equilibrium with the relative 
humidity of the surrounding air. Interior wood typi¬ 
cally shrinks in winter and swells in summer. Aver¬ 
age equilibrium moisture content ranges from 6% 
to 11%, but wood is considered dry enough for use 
at 12% to 15%. The loss of moisture during season¬ 
ing causes wood to become harder, stronger, stiffer, 
and lighter in weight. Wood is most decay-resistant 
when moisture content is under 20%. 

2. Lumber 

_ a. Sizes 

_ (1) Sectional 

Nominal sizes To get actual sizes 

2x’supto8x’s deduct Zi 

8x’s and larger deduct 3 A" 

_ (2) Lengths 

_ ( a ) Softwoods: cut to lengths of 6' to 

24', in 2' increments 

_ ( b ) Hardwoods: cut to l'-long incre¬ 
ments 

_ b. Economy: best achieved when layouts are within a 

2'- or 4'-module, with subdivisions of 12", 16", 24", 
and 48" 

_ c. Defects 


PfcFECT ENtWlEW 


LONfir VIEW 
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d. Grades 

_ (1) Factory or shop-type lumber: used primarily 

for remanufacturing purposes (doors, win¬ 
dows, millwork, etc.). 

_ (2) Yard-type lumber 

_ (a) Boards: 

_ 1" to V/i" thick, 2'' and wider 

_ Graded for appearance only 

_ Used as siding, subflooring, 

trim 

_ ( b ) Dimensioned lumber: 

_ 2" to 4" thick, 2" and wider 

_ Graded for strength (stress gr.) 

_ Used for general construction 
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_Light framing: 2" to 4" wide 

_ Joists and planks: 6" and wider 

_ Decking: 4" and wider (select 

and commercial). 

_ (c) Timbers: 

_ 5" x 5" and larger 

_ Graded for strength and ser¬ 
viceability 

_ May be classified as “struc¬ 
tural.” 

_ (3) Structural grades (in descending order, 

according to stress grade): 

_ (a) Light framing: Construction, Stan¬ 
dard, and Utility 

_ ( b ) Structural light framing (joists, 

planks): Select Structural, No. 1, 2, 
or 3 (some species may also be 
appearance-graded for exposed 
work). 

_ (c) Timber: Select Structural No. 1. 

Note: Working stress values can be 
assigned to each of the grades according to 
the species of wood. 

_ (4) Appearance grades 

_ (a) For natural finishes: Select A or B. 

_ ( b ) For paint finishes: Select C or D. 

_ (c) For general construction and util¬ 
ity: Common, Nos. 1 thru 5. 
Pressure-treated wood (wood preservative): Soft¬ 
wood lumber treated by a process that forces preser¬ 
vative chemicals into the cells of the wood. The result 
is a material that is immune to decay. This should not 
generally be used for interiors. Where required: 

_ (1) In direct contact with earth 

_ (2) Floor joists less than 18" (or girders less 

than 12") from the ground 
_ (3) Plates, sills, or sleepers in contact with con¬ 
crete or masonry 

_ (4) Posts exposed to weather or in basements 

_ (5) Ends of beams entering concrete or ma¬ 
sonry, without Zi air space 

_ (6) Wood located less than 6" from earth 

_ (7) Wood structural members supporting mois¬ 
ture-permeable floors or roofs, exposed to 
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weather, unless separated by an impervious 
moisture barrier 

_ (8) Wood retaining walls or crib walls 

_ (9) For exterior construction such as stairs and 

railings, in geographic areas where experi¬ 
ence has demonstrated the need 

f. Fire-retardant-treated (FRT) wood: Heavy timber 
(thick timber) is generally assumed to be resistive 
because it produces a charred surface when burned, 
which retards further burning. Smaller wood mem¬ 
bers can be fire protected by coverings, coatings, 
and treatments. Modern fire-retardant treatment 
of wood consists of various organic and inorganic 
chemicals, followed by kiln drying to reduce 
moisture to 15 to 19%. All proprietary FRTs must 
conform to UL classifications. See p. 445 for fire¬ 
proofing. 

g. Framing-estimating rules of thumb: For 16-inch oc 
stud partitions, estimate one stud for every LF of 
wall, then add for top and bottom plates. For any 
type of framing, the quantity of basic framing mem¬ 
bers (in LF) can be determined based on spacing 
and surface area (SF): 

12 inches oc 1.2LF/SF 

16 inches oc 1.0LF/SF 

24 inches oc 0.8 LF/SF 

(Doubled-up members, bands, plates, framed open¬ 
ings, etc., must be added.) For cost of framing acces¬ 
sories and connectors, see p. 353. Estimating lumber 
can be done in board feet where one BF is the 
amount of lumber in a rough-sawed board one foot 
long, one foot wide, and one inch thick (144 cubic 
inches) or the equivalent volume in any other shape. 
As an example, one hundred one-inch by 12-inch 
dressed boards, 16 feet long, contain: 


100 x 1 x 12 x 16/12 = 1600 BF 
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Use the following table to help estimate board 
feet: 


BF per SF of surface 



12-inch oc 

16-inch oc 

24-inch oc 

2 x 4s 

0.8 

0.67 

0.54 

2 x 6s 

1.2 

1.0 

0.8 

2 x 8s 

1.6 

1.33 

1.06 

2 x 10s 

2.0 

1.67 

1.34 

2 x 12s 

2.4 

2.0 

1.6 


3. Details 

_ a. Walls: 




WALL. To 
ootah^c wam,. 



WALL,TO 

oeroips. wall- 



OU-0&10& Mferz. 


A 

owewe. doe»J6tL 



WAU. -rc ou‘6-. 



00TSIO6 COH.|jeiZL 
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b. Roofs: 
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4. Laminated Lumber 

_ a. Laminated timber 

(glu-lam beams): For 
large structural mem¬ 
bers, these are prefer¬ 
able to solid timber in 
terms of finished 
dressed appearance, 
weather resistance, 
controlled moisture 
content, and size avail¬ 
ability. See p. 355. 
Sheathing Panels 



b. 


— ( 1 ) 
_ ( 2 ) 

_ (3) 


i—THI£KN&S*5?, 

ow num 0 ’ g & of met>P, 

6KAIM PIR££"TlON 
FOR FA C£. AWF> BACK 
(uiN&iTtJDiNAU). 


Composites: veneer faces bonded to recon¬ 
stituted wood cores 
Nonveneered panels: 

_ (a) Oriented Strand Board (OSB). 

_ ( b ) Particle Board 

Plywood 

_ (a) Two main types 

_ Exterior grade 

_ Made with waterproof adhe¬ 
sive 

_ C-grade face or better 
_ For permanent exterior use 

_ Interior grade 

_ Made with water-resistant 
adhesives 

_ D-grade face or better 

_ ( b ) Grading according to face veneers 

_ N All heartwood or all sap- 

wood (for natural finish) 

_ A Smooth paint grade 

_ B Solid smooth surface 

_ C Sheathing grade (lowest 

grade for exterior use) 

_ D Lowest grade of interior 

plywood 

_ (c) Engineered grades: 

_ Structural I and II, Standard, 

and C-C Exterior 
_ Span identification index 
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32/lft 


[•Bpr HAM I? NUM&ER, FOK ROOF EFFORT 


RIGHT HANP NUM&E-R FOR FLOOR SUPPORTS 


_ (rf) Thickness: 3 ply = 14, 54 

5 ply = 14,54, 3 / 4 
7 ply = %, 1, 114, and 
114 inch 

Use a minimum of 54" or 54" where 
there are snow loads. 

_ (e) Size sheets: 4' (or 5') x 8' (or 12') 

5. Structural Wood 

_ a. Strengths 


AVEKA6E PHYSICAL PROPERTIES) 


MATERIAL 

ELASTIC LIMIT 

iPF 0 

ULTIMATE STKEHGTH 
(A&0 

ALLOWABLE WORKING 
UNIT STRESS CP6I) 

jl 

l! 

i**-! 

s« 

fEN- 
$1 OH 

COMP 

RES6. 

TEN¬ 

SION 

COMP- 

Kees. 

SHEAR 

TEN¬ 

SION 

a>Mf- 

SHEAR 

ETTR. 

FIBER 

BENP. 

PAKALLEU 
TP GRAIN 

3000 

■3000 

IOOOO 

8000 

600 

1-200 

loco 

IOO 

1200 

12000 

M 

40 

PE KP6WPILU- 
MR TO GRAIN 





3ooo 


3co 

400 





b. Wood shrinks across grain much more than parallel 
to grain. Avoid locking nonshrinking materials to 
wood. 



BuiTTEP HOLE 
AUOvK> BEAM 
TO GHRIHK 


c. Wood is much weaker across grain than parallel to 
grain in both tension and compression. A cross¬ 
grain angle greater than 1 in 10 seriously weakens 
the wood in bending. 
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ue£. eTggu 

PtAT&TO 
■WKgAP U*P 
ffcRAlia.Te£f?. 


rf 

?! f 





NOTCH PUT'S* TENDON 
A&KO«> 


d. Wood beams deflect or sag more under long-term 
loads than they do at the beginning. Long-term sag 
is about 1 'A to twice beginning sag. 

e. Wood beams may be weak in resistance to horizon¬ 
tal shear. Since this shear is closest to beam sup¬ 
ports, holes through wood beams should be avoided 
near supports. Notches on the ends of joists should 
not exceed % the depth. Holes bored in joists should 
not be within 2" of top or bottom and their diameter 
should not be greater than : A depth. Notches at top 
and bottom should not exceed % depth and should 
not be in middle Vs of span. Holes bored in studs 
should not be greater than 40% (60% if studs dou¬ 
bled) and should not be closer to the edge than Vs". 


6. Finish Wood (Interior Hardwood Plywoods) 

_ a. Sizes 

_ (1) Thicknesses: Vs" to 1" in Zis" and />" incre¬ 
ments 

_ (2) Widths: 18, 24, 32, 36, 48 inches 

_ (3) Lengths: 4, 5, 6, 7, 8,10 feet 

_ b. Types 

_ (1) Technical: fully waterproof bond 

_ (2) Type I (exterior): fully waterproof bond/ 

weather- and fungus-resistant 

_ (3) Type II (interior): water-resistant bond 

_ (4) Type III (interior): moisture-resistant bond 

_ c. Grades 


(1) Premium 1: very slight imperfections 

(2) Good 1: suitable for natural finishes 

(3) Sound 2: suitable for painted finishes 

(4) Utility 3: may have open defects 

(5) Backing 4: may have many flaws 
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d. Grains and patterns 





mP MATCH RUNNING MATCH BALANCE MATCH 


VE-NEEft MATCH TYPE/b 


Costs: Prefinished plywood paneling: $2.20 to $7.20/SF 
Trim: $4.20 to $7.80/LF 
Cabinetry: See p. 455 
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_ 7. SPECIE^ 



• DENOTE# COMMON U46# 4 PROPERTIED 
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_ B. WOOD MEMBERS (SIZES AND COSTS) 

® © © © © 


1. General: See p. 168 for span-to-depth ratios. 

Rough lumber costs by board feet: 

Studs $0.65/BF 

Posts $0.70/BF 

Joists $0.70/BF 

Beams (Doug. Fir) $0.85/BF 

Note: The above are material costs only. Total in-place cost 
may be estimated by doubling the above numbers. 


Note: As a general rule, add 5% to 10% 
to framing costs for connections. Use the 
higher % for seismic zones. 

_ 2. Liaht-Frame Construction 

_ a. Stud walls: Usually 2 x 4s or 2 x 

6s at 16" oc or 24" oc with one 
bottom and two 2x top plates. 

Costs: 2 x 4s at 24 oc: $1.20/SF (50% M and 
50% L) with variation of ±10%. Add 
30% for each spacing jump (i.e., 16" and 
12" oc). 

2 x 6s at 24"oc: $1.60/SF (M, L, variation, 
and spacing, same as above). 



b. 


Roof joists and 

rafters: Rule of 
thumb for roof 
joists, rafters, and 
ceiling joists: 
Quick estimates 
of joist depths in 
inches can be 
made by multi¬ 
plying span in 
feet by: 

0.45 for ceiling 
joists 

0.5 for roof 



joists 

Usual spacing: 24" oc. 


For more precise sizing, see p. 358. 
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Costs: 2 x 6s at 24"oc: $1.90/SF (50% M and 50% L), variation of 
+ 10%. Add 30% for each spacing increase (i.e., 16" and 
12"oc. 2 x 8s: $2.35/SF. 2 x 10s: $2.65/SF. 2 x 12s: $3.25/SF. 
Ceiling joists: + 8% 

_ c. Floor joists 

_ (1) See p. 168 for 

general rule 
span-to-depth 
ratio. 

_ (2) Usual span 

range: 8' to 24'. 

_ (3) Usual spacing: 

16" oc. 

_ (4) For more pre¬ 
cise sizing, see 
p. 358. 

Costs: 2 x 6s at 24" oc: $1.85/SF (50%M and 50%L). 

16" oc: $2.40/SF. 

12" oc: $2.55/SF. 

2 x 8 @ 24: $2.35/SF 
2 x 10 @ 24: $2.65/SF 
2 x 12 @ 24: $3.25/SF 

_ 3. Heavy Timber Construction 

_ a. Wood beams 

_ (1) Solid wood beams 

_ (a) Minimum size of 

4x6 

_ ( b ) Thickness range: 

2"to 14" 

_ (c) Spacing range: 4' 

to 20'. 

_ ( d ) Approximate 

span-to-depth 
ratios: 16 to 20. 

_ (2) Solid wood girders: Commonly used span- 

to-depth ratio for girders with concentrated 
load is 12. Width will be 3/4 to 1/2 of depth. 
To estimate depth in inches, multiply span 
in feet by 1. 

Approximate cost range from $4.90/LF for 4 x 8s to $7.50/LF for 
4 x 12s. $7.75/LF for 6 x 8s to $11.50/LF for 6 x 12s (65% M and 
35% L). 
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_ b. Glu-lam beams 

_ (1) Minimum depth of 9". 

_ (2) Usual span range: 16' to 

100' for roofs and 14' to 
40' for floors. 

_ (3) Spacing: 8' to 30'. 

_ (4) Thickness range from 3/s" 

to 10 

_ (5) Approximate span-to- 

depth ratio: 16 to 20. 

_ (6) Ratio of depth to width is about 2 to 1 for 

light beams and 3 to 1 for large members. 

_ ( 7 ) Depth varies in 1 Zi increments. 

Approximate costs: Douglas Hr, industrial grade: 

3%" x 6": $5.15/LF (45%M and 55%L). Add $2.70 for each 
3" depth to 18". 

3/2" x 9": $10.90/LF (90%M and 10%L). Add $2.15 for each 
3" to 15". 

5%" x 6": $7.80/LF (50%M and 50%L). Add $4.10 for each 
3" depth to 24". 

5%" x 9": $14.50/LF. Add $4.15 for each 3" to 15". 

6V4" x 12": $20.65/LF (75%M and 
25%L). Add $5.75 for each 3" depth 
to 24". 

5%" x 24": $36.15/LF 
For architectural grade, add 20%. 

For prestain, add 10%. 

_ c. Columns and posts: The 

ratios of unbraced length to 
least thickness of most types 
range from 10 to 30 with 
20 a good average. 

Approximate costs of $4.65ILF for 4 x 4 to $8.40ILF for 6x6 
(same M and L ratios as beams). 
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_ d. Wood decking 

_ (1) Thickness: 2" 

to 4" 

_ (2) Span-to-depth 

ratio: 25 to 48 
_(3) Spans: 4' to 8' 

Approximate costs of $4.80/SF for 3" fir to $9.60/SF for 4" cedar 
(70% to 90% M, 30% to 10% L). 

_ 4. Trusses 

_ a. Light frame trusses 

_ (1) Usually 2'oc 

_ (2) Roof span-to-depth ratio: 15-20 

_ (3) Floor span-to-depth ratio: 72 to 75 

_ (4) Usual spans 30' to 60' 

Approximate cost range: Fink truss, 2 x 4s, 3 to 12 slope, 24' span: 
$ 120/each (55% M and 45% L). 

King post, 2 x 4s, 4 to 12 slope, 42' span: 

$215/each (75% M and 25% L). 

_ b. Heavy wood trusses 

_ (1) Flat trusses 

_ (a) Typical range 

of spans: 40' to 
160' 

_ ( b ) Spacing 12' to 

20 

_ (c) Usual ratio of 

truss depth to span ranges from 7 to 
8 to 7 to 10. 

_ (2) Bowstring trusses 

_ (a) Typical range of spans: 

40' to 200' 

_ ( b) Spacing: 12' to 20' 

_ (c) Usual span-to-depth ratio of 6 to 8 

_ (3) Triangular trusses (see p. 164) 

_ (a) Typical range of spans: 

40' to 100' 

_ ( b) Spacing 12' to 20' 

_ (c) Usual span-to- 

depth ratio: 

1 to 6 
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_ (4) Two- and three-hinge arches 

_ (a) Typical range of spans: 20' to 150' 

_ ( b ) Spacing: 8' to 20' 

_ (c) Usual ratios of total arch heights to 

span: 1 to 4 to 1 to 8. 

_ ( d ) Span-to-depth ratio: 25 

_ (5) Lamella arch 

_ (a) Typical range of spans: 40' to 150' 

_ ( b ) Usual ratios of arch height to span: 

1 to 4 to 1 to 6 

_ c. Open web joists (T.J.L.) 

_ (1) Spacing: 24", 32", 

48" oc 

_ (2) Spans: 25' to 40' 

_ (3) Span-to-depth 

ratio: 17 to 18 

_ (4) 2" to 4" depth increments 

Costs: $2.70 to $4.15ISF (70% M and30% L) 


_ d. Plywood web joists (T.J.I.) 

_ (1) Spacing: 24", 32" oc 

_ (2) Spans: 20' to 35' 

_ (3) Span-to-depth ratio: 

20 to 24 

_ (4) 2" depth increments 

Costs: $2.90 to $3.20/SF (65% M and 35% L) 

_ 5. Plywood Sheathing (see p. 345) 

Usually minimum thickness for safe wall sheathing should 

be IT'. 

Costs: Roof and floor sheathing (65% M and 35% L) 

%" = $1.20/SF 
/" = $1.30/SF 
%" = $1.45/SF 
/" = $1.80/SF 

For wall sheathing, add 7% to 8%. 
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_A. ATTIC AND CRAWL SPACE (5 

VENTILATION 


_ 1. When there is attic space 

under roof, venting of attic 
will: 

_ a. Reduce heat buildup. 

_ b. Provide escape route 

for moisture. 

_ c. In cold climates, help 

prevent ice dams from 
forming. 

_2. Even when there is no attic, 

the venting effect can still be 
achieved with at least a 1" air 
space above the insulation. 

_ 3. In some cases, the argument 

can be made for having no 
venting at all. This can be done 
in dry climates and building 
types where vapor is less of a 
problem or if the “wet” side of 
the roof is sealed against vapor 
migration. Because the codes 
require venting but often are not 

enforced, this needs to be checked with building officials. 

_4. Venting can be done by: 

_ a. Cross-ventilation 

_ b. Stack effect 

_ c. Fans 

_ 5. The IBC requires that where climatic conditions warrant, 

attics or enclosed rafters should have net free ventilating 
area of at least Vm of the plan area (M should be upper venti¬ 
lators at least 3' above eaves). This can be reduced to J Aoo if a 
vapor barrier is on warm side of attic insulation. 

_ 6. Under-floor crawl space should have a net free vent area 

of 1 SF for each 150 SF of crawl space (or Msoo when ground 
has a vapor barrier). 

_ 7. Area required to provide 1 SF vent: 

%” Screen 1 SF 

14" Screen w/louvers 2 SF 
Vs" Screen 1.25 SF 

Vs" Screen w/louvers 2.25 SF 
Me" Screen 2 SF 

Me" Screen w/louvers 3 SF 

Costs: Louvers with screens: $12.50 to $24.60/SF (35% M and 
65% L) 
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13. WATER AND DAMPPROOFING @ 


_ 1. Waterproofing is the prevention of water flow (usually 

under hydrostatic pressure such as saturated soil) into the 
building. This is usually basement walls or decks. This can be 
by: 

_ a. Membranes: Layers of asphalt with plies of satu¬ 
rated felt or woven fabric 

_ b. Hydrolithic: Coatings of asphalt or plastics (elasto¬ 
meric) 

_ c. Admixtures: To concrete 

Typical costs: 

Elastomeric, Vn" neoprene: $3.95/SF (50% M and 50% L) 
Bit. membrane, 2-ply felt: $1.70/SF (35% M and 65% L) 

_ 2. Dampproofina is preventing dampness (from earth or sur¬ 
face water without hydrostatic pressure) from penetrating 
into the building. This can be: 

_ a. Below grade: 2 coats asphalt paint, dense cement 

plaster, silicons, and plastics. 

_ b. Above grade: See paints and coatings, p. 424. 

_ c. An excellent way to prevent water damage to build¬ 
ings is to insert a layer of 90-lb roll roofing (not tar 
paper) in every seam between wood, metal, and 
masonry, as well as metal to metal (that is far apart in 
the galvanic series). 

Typical costs: 

Asphalt paint, per coat: $0.25/SF (50% M and 50% L) 




C. VAPOR BARRIERS (5 


1. General 

_ a. Vapor can penetrate walls and roof by: 

_ (1) Diffusion—vapor passes through materials 

due to: 

_ (a) Difference in vapor pressure 

between inside and outside. 

_ ( b ) Permeability of construction mate¬ 
rials. 

_ (2) Air leakage by: 

_ ( a ) Stack effect 

_ ( b ) Wind pressure 

_ (c) Building pressure 

_ b. Vapor is not a problem until it reaches its dew point 

and condenses into moisture, causing deterioration 
in the building materials of wall, roof, and floor 
assemblies. 

2. Vapor Barriere: Should be placed on the warm or humid 
side of the assembly. For cold climates this will be toward 
the inside. For warm, humid climates, this will be toward the 
outside. Barriers are also often put under slabs-on-grade to 
protect flooring from ground moisture. 

Vapor barriers are measured by perms (grains/SF/hr/inch 
mercury vapor pressure difference). One grain equals about 
one drop of water. For a material to qualify as a vapor bar¬ 
rier, its perm rate must be 1.0 or less. A good perm rate for 
foil laminates, polyethylene sheets, etc. equals 0.1 or less 
(avoid aluminum foil against mortar). See p. 369 for perms 
of various materials. Care must be taken against puncturing 
the barrier. 
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VAR*. &4fi|Zl£K 



VARC FU?W 

s 


HOT HUMlP CLIMATE. 


Other methods are elastomeric coatings on interior wall- 
board in cold climates and at exterior masonry or stucco 
walls in hot, wet climates. See p. 424 for coatings. Care must 
be taken to caulk all joints and cracks (see p. 382). 

_ 3. Roof Vapor Retarders 

_ a. As a general guide, vapor retarders should be con¬ 
sidered for use when: 

_ (1) The outside, mean, average January tem¬ 
perature is below 40°F. 

_ (2) The expected winter, interior, RH is 45% or 

greater. 

_ b. Vapor retarders generally fall into two classes: 

_ (1) Bituminous membranes: A typical 2-ply 

installation using 3 moppings of steep 
asphalt rates at less than .005 perms. 

_ (2) Sheet systems, with sealed laps, such as PVC 

films, kraft paper, or alum, foil, with perm 
ratings ranging from 0.10 to 0.50. 

_ c. When vapor is a concern in top of deck insulation, 

moisture relief vents (preferably one-way) at a min. 
of one per 1000 SF should be considered. 

_4. Asphalt Saturated Felts: See p. 378. 

Typical costs: Polyethylene sheets, 2-10 mill. $.20 to $.30/SF 































































_D. RADIANT BARRIERS @ 


_ 1. Radiant barriers reflect Iona- 

wave (invisible) radiation cre¬ 
ated by the sun heating the 
exterior skin of the building. 

_ 2. Use for hot climates or sum¬ 
mer conditions only. Effective 
for retarding the penetration 
of exterior summer heat into 
building, but not the other way 
in winter. 

_ 3. Most critical locations: 

_ a. The roof is most critical because it faces the sun. 

_ b. Use at walls can be effective when: 

_ (1) On east and west sides. 

_ (2) Climate is less than 2000 HDD and greater 

than 2500 CDD. See p. 637. 

_ (3) On south walls when climate is greater than 

3500 CDD. 

Note: For HDD and CDD, see App. B, items L 
and M. 

_4. Radiation is blocked by a reflective surface next to an air 

space. The barrier can be on either side of the air space, or 
on both sides. 

_ 5. The reflective surface can be foil-faced batting, reflective 

aluminum foil sheets, or reflective paint. 

_ 6. Emissivity is a measure of radiant-barrier effectiveness 

(the lower the e-number the better): 

_ a. Minimum for foils should be e = 0.06. 

_ b. Minimum for paints should be e = 0.23 

_ 7. Added R value can be approximated for summer at e = 

0.05: 

_ a. Horizontal air space: Reflectance up. R = 5.3 

Reflectance both sides, R = 6.0 

_ b. Vertical air space: Reflectance out, R = 3.6 

Reflectance both sides, R = 4.6 

_ 3. Must auard aaainst dust reducing barrier effectiveness. 

Costs: Aluminum foil barrier: $.30/SF (70% M and 30% L) 
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E. INSULATION (5 ) (10 


1. Insulation is the entrapment of air within modern light¬ 
weight materials, to resist heat flow. It is generally made as 
batts, boards, and fills. 

2. For minimum total resistance (HR) for building elements, 

find Insulation Zone from App. B. item U., then refer to 
below: 


Min. insulation, R 


Zone 

Cl’g. 

Wall 

Floor 

1 

19 

11 

11 

2 

26 

13 

11 

3 

30 

19 

13 

4 

38 

19 

19 

5 

38 

19 

22 

6 

49 

22 

22 


3. In the design of a building, design the different elements 

(roof, wall, floor) to be at the minimum IR. Each piece of 
construction has some resistance, with lightweight insula¬ 
tions doing the bulk of the resistance of heat flow. 

2R = R1 + R2 + R3 + R4 + R5, etc. *(air films) 

* * 


See p. 369 for resistance (r) of elements to be added. 

Another common term is U Value, the coefficient of heat 
transmission. 


U = Btuh/ft 2 /°F = 


1 

2R 


4. Other factors in control of heat flow 

_ a. The mass (density or weight) of building elements 

(such as walls) will delay and store heat. Time lag 
in hours is related to thermal conductivity, heat 
capacity, and thickness. This increases as weight of 
construction goes up with about 2 A% per lb/CF. 
Desirable time lags in temperate climates are: 
Roof—12 hrs; north and east walls—0 hrs; west and 
south walls—8 hrs. This effect can also be used to 
increase R values, at the approximate rate of +0.4% 
for every added lb/CF of weight. 

_ b. Light colors will reflect and dark colors will absorb 

the sun’s heat. Cold climates will favor dark surfaces, 
and the opposite for hot climates. For summer roofs, 
the overall effect can be 20% between light and dark. 
_ c. See page 367 for radiant barriers. 
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_ 5. Typical Batts: 

R = 11 3 / 2 " thick 
R = 19 6" 

R = 22 6 / 2 " 

R = 26 8%" 

R = 30 9" 

Typical Costs: 

C.L. ’G. batt, 6 R = 19: $1.20/SF (60% M and 40% L) 

9 R = 30: $1.30/SF 

Wall batt, 4 R = 11: $.65/SF (50% M and 50% L) 

6" R = 19: $.85/SF 
Add $.05/SF for foil backs. 

Rigid: $0.70 to $1.80/SF, 1", R = 4 , $1.20 to $4.20/SF, 3", R 
= 12.5. 


6. Insulating Properties of Building Materials: 


Material 

Wt. #/CF 

r value 
(per in) 

Perm 

Water 

60 



Earth dry 

saturated 
Sand/gravel dry 

75 to 95 

100-120 

.33 

.05 


wet 

Concrete req. 

150 

.11 


It. wt. 

120 

.59 


Masonry 

Mortar 

130 

.2 


Brick, common 

120 

.2 

1 (4") 

8" CMU, reg. wt. 

85 

1.11 

.4 

It. wt. 

55 

2 


Stone 

±170 

.08 


Metals 

Aluminum 

165 

.0007 

0 (1 mil) 

Steel 

490 

.0032 


Copper 

555 

.0004 


Wood 

Plywood 

36 

1.25 

Vi" = .4 to 1 

Hardwood 

40 

.91 


Softwood 

Waterproofing 

Vapor barrier 

30 

1.25 

2.9 C//) 

.05 

.05 
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Material 

Wt. #/CF 

r value 
(per in) 

Perm 

Insulations 




Min. wool batt 

4 

±3.2 

>50 

Fill 


3.7 

>50 

Perlite 

11 

2.78 


Board polystyrene 


4 

1-6 

fiber 


2.94 


glass fiber 


4.17 


urethane 


8.5 


Air 




Betwn. nonrefl. 


1.34 


One side refl. 


4.64 


Two sides refl. 




Inside film 


.77 (ave) 

Outside film 




winter 


.17 


summer 


.25 


Roofing (see p. 373) 




Doors 




Metal 




Fiber core 


1.69 


Urethane core 


5.56 


Wood, solid V/" 


3.13 


HC 1 %" 


2.22 


Glass, single 

160 

(see p. 




411) 


Plaster (stucco) 

110 

.2 


Gypsum 

48 

.6 


CT 

145 



Terrazzo 




Acoustical CLGs 




Resilient flooring 


.05 


Carpet and pad 


2.08 



Paint 


.3 to 1 (see 
p. 424) 
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F. EXTERIOR INSULATION AND 
FINISHING SYSTEMS (EIFS) 


_ 1. Exterior Insulation and 

Finishing Systems (EIFS) 
provide a stucco appear¬ 
ance using exterior insu¬ 
lation. They involve a 
combination of exterior- 
applied synthetic stucco 
on rigid insulation on a 
substrate (see item 32 on 
p. 188). Substrate can be 
masonry, gypsum board, 
plywood, etc. 

_ 2. Rigid insulation is typi¬ 
cally expanded polystyrene (R/in. = 4.17) of 1" up to 4" 
thickness, and is usually applied by adhesive. 

_ 3. Synthetic stucco is applied after a fiber mesh is embedded 

in an adhesive. 

Costs: For 1" board $9.60/SF (30% M and 70% L), + 30% varia¬ 
tion. Add $0.25/SF for each added 1" of insulation. 
















<3. ROOFING © @ © ( 34) @ @ @ 


For costs, see p. 378. As a rule of thumb, add 30% to roofing costs 
for flashing and edge conditions. 

_ 1. General 

_ a. Shape (see p. 363) 

_ (1) Flat 

_ (2) Hip 
_ (3) Gable 
_ (4) Shed 

_ b. Pitch: See p. 61 for slopes. Use the following graphic 

as a guide for roofing selection: 



MIN. PITCH 4 REQUIREMENTS FSIR 

VARIOUS ASPHALT RC&FIH& PKOPUCTe? 


c. Drainage: See p. 519. 

d. Fire resistance: Per the IBC, roofing is designated as 
either nonrated or rated. When rated, roofing must 
be not readily flammable, provide a degree of fire 
protection to the deck, not slip from position, and 
not produce flying brands during a fire. Rated roofs 
are broken down as follows: 

_ (1) Class A: Resists severe fires, flames on top 

do not spread more than 6', and no burn 
through roof. Examples: roofing tile, ex¬ 
posed concrete, and metal. 
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_ (2) Class B: Resists moderate fires, flames on 

top do not spread more than 8', and no burn 
through roof. Example: metals. 

_ (3) Class C: Resists light fires, flames on top do 

not spread more than 13', and some burn 
through roof. 

_ e. Minimum code requirements per IBC. 

Const, type: I-A I-B II-A II-B III-A III-B IV VA VB 
Roof Class BBBCB CBBC 
Note: For class C, also see 2-a-(4), below. 

2. Basic Roofing Types 

_ a. Shingles and tiles 

_ (1) Normally have felt underlayment. 

_ (2) Laid on pitched roofs of greater than 3 in 12 

(or 2 in 12 with special underlayment). 

_ (3) At high-wind locations, shingles have ten¬ 
dency to blow off roof edges, unless special 
attachment. 

_ (4) Class C may include certain wood shingles 

or shakes on buildings of 2 stories or less, 
6000 SF max. area, where edge is not less 
than 10' from lot line. 

_ b. Single ply 

_ (1) Modified bitumen 

_ (a) APP: rubber-like sheets, can be 

dead-level, often with underlay¬ 
ment. 

_ ( b ) SBS: same as above, but more flexi¬ 
ble sheets. 

_ (2) Single ply (without underlayment), can be 

dead-level. 

_ (a) EPDM: single rubberized sheets, 

sealed at seams, unattached or 
adheared to substrate. Can be rock 
ballasted. Normally black. 

_ ( b ) CSPE (“Hypalon”): Fike above, 

but using a synthetic rubber that is 
normally white. 

_ (c) PVC: Fike above, but using plastic¬ 
like sheets that are normally white. 

_ c. Coal tar pitch 

_ (1) Fike a built-up roof, of asphaltic products, 

except coal tar has a lower melt point and is 
better at self-sealing punctures. 
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_ (2) Use on very low slopes (1% to 2%). 

_ (3) Coal tar can be hazardous to work with. 

Coal tar is normally 50% more expensive than built-up roofing. 

_ d. Metal roofing 

_ e. Urethane 

_ (1) Sprayed-on insulation with sprayed-on 

waterproof coating 

_ (2) Very good for irregular-shaped roofs 

_ (3) Weak point is delicate coating on top, which 

is susceptible to puncture 

_ f. Built-up: Plies of asphalt-impregnated sheets (often 

fiberglass) that are adhered together with hot asphalt 
moppings. (See Design Checklist which follows.) 


DESIGN CHECKLIST 


2 . 


3. 

4. 


5. 


6 . 


7. 


Roof leaks are often associated with edges and penetra¬ 
tions. Therefore, these require the greatest amount of care. 
"Flat” roofs should never be dead-level. Design substrate 
or structure for minimum of 2% 

(%" per ft) to 4% ('A" per ft) slope 
for drainage. 

Place drains at midspans, where 
deflection of structure is greatest. 

When drains must be placed at 
columns or bearing walls, add 
another V 2 % (approx. ‘/mo the 
span) to allow for deck or struc- /|x 
ture deflection. 





Where camber is designed into 
structural members, this must 
also be calculated into the re¬ 
quired slope. 

Provide drainage “crickets” 
(“saddles”) to allow water flow 
around equipment platforms or 
against parapets. 

To prevent ponding, roof drains 
are best recessed. Drains should 
be cast iron. 





8. For roof drains, scuppers, gutters, downspouts, etc., see p. 
520. 
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9. The drainage system should be laid out to accommodate 
any required building expansion joints. See p. 382. 

10. Roof expansion joints should be provided at structural 
joints; where steel frame or deck changes direction; where 
separate wings of L, U, or T shapes; where different types 
of deck materials meet; where additions meet existing 
buildings; where unheated areas meet heated areas; and 
where movement between vertical walls and roof may 
occur. 

11. Where expansion joints are not used, provide area dividers 
at 150 to 200 ft, laid out in square or rectangular areas, not 
restricting the flow of water. 

12. All horizontal-to-vertical intersections, such as walls and 
equipment platforms, should have 45° cants, crickets, flash¬ 
ing, and counter-flashing. Curbs should be 8" to 14" high so 
that there is at least 8" between top of curb and roof. 
Premanufactured metal curbs should be 16 GA (or 18 GA 
with bracing). 

13. Roof penetrations of pipes and conduits should be 
grouped and housed. Keep minimum of 18" between 
curbs, pipes, and edges of roof. If pitch pockets must be 
used, reduce size so that no more than 2" separate edge of 
metal and edge of penetration. 

14. If substrate is preformed rigid insulation, two layers 
(with offset joints) are best, with top layer installed with 
long dimension of boards perpendicular to drainage and 
end joints staggered. Surface must be prepared prior to 
roofing. 

15. Use vapor retarder when needed. See p. 365. 

16. Substrate Decks 

_ a. Plywood should be interior type with exterior glue, 

graded C-D, or better. Joints should be staggered 
and blocked or ply clipped. Base ply should be 
mechanically fastened. 

_ b. Wood planks should be min. nominal 1",T&G, with 

cracks or knotholes larger than 14 " covered with 
sheet metal. Edge joints should be staggered. Use 
separator sheet, mechanically fastened as base ply. 
_ c. Steel decks should be 22 GA or heavier. Rigid insu¬ 
lation should be parallel to flutes, which are perpen¬ 
dicular to slope. 
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d. Cast-in-place concrete should be dry, then primed, 
unless rigid insulation used; then use vapor retarder 
or vent insulation. 

e. Precast concrete should have rigid insulation. Do not 
apply first ply to planks. 

f. Lightweight concrete or gypsum concrete must be 
dry and then have a coated base ply or vented base 
ply mechanically attached. 
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ROOFING COMPARISON ( BATA ANP COStt) 


TYPE- 


$U>PE 

W-/pr 

MIN. MUX 


UKPER- 

LAYMt 


fvA-g*TEN 
EK6 


wr 

%5 


TYP/CAL C0 ,575 

*• 30^ OZSSf 

coumroN^ 


^PERAYMENT/ 

ffOU, KCOPIN6 


rat 


KI/A 


06 


&GJ4-/SF Oo/Mi 90*0 

&0./&/&F- 


5UIH<H&r 



asphalt 

R«0KlW$| 


J4 


l@* Rtf 


30 * 


«W«1E6l 
Ot AUIH. 
ROOF 
NAILS’ 


3oo 


250 


AA 


5//5TO$ tOO/50 
(55/M 4 4-5XL.') 


V/OOS? 

‘yAA'i&b 


3cApftT 

OKONWt? 


ooot 

Ke^is-r 

NA1L& 


S5<3 

300 


.87 


^Z'b&ro 5 &&&/so 
{60/M4 40'/L) 
f>2&5 70 5385/OS> 
* APt? ■t>/c<5/$0 &VZ, 
A~//?e ger/Hecxte* 


TILE 



etATE 


“emafni 

oav 


C0N6. 


3<^FgLT 


af FEU 


cofpgg 

wik e + 

NAILS’ 


KW-C6K. 

COPPER 

NAILA 


[TOO 

TO 

woo 


.05 


lOd COR, 

KfeAier 

SALV. QSP- 
PER OTSA 
&>X NAU& 
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TO 

1460 


‘iso 


.01 


5 720 TO $1540/SO 
{70/M 4 30/L) 


$&oo to $995/50 
C£5/M 4 35/L) 


5370 To 54&O/S0 
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ROOflNG COMPAQIgON (FATA ANP 


TYPE. 

SLOPE. 

W/FT 

VWi MAX 

UNPQfr 

laymY 

RAem^ 

ER6 

wt 

Yes 

l 

2L 

-J 

IS 

lu 

1 

iu v 

lJ- 

3 

TYPICAL COS& 

(At?c? * 30'/P&Z &&£ 
COHCMT/ON&y 

METAL 

2&MI7W& 
50AM,42 
TOZ&6A, 

PAINTS? 

3 

ac^pew 

ANCHOR 
CUPS, 6*. 
NAIL# OR 
eoffiwg 

130 



30 

ro 

50 

Z3;?5 r<? P^4 o/sg? 
(gC%M $ VOliL) 

COPP£K~ A/OgO/SO 

S-T/wrtLBiP, s, ;A/Zao/SQ. 
Monel ■ &/32o/s® 

"flat" 

0UIIT-UP 

fc- 

M/A 

N/A 



A 

23 

$/Zo n> /go/Sd 


V^6BkVBL 

3 



550 


TD 

C 


C3o/M 4 70'/L) 

AOP 440/SO POR cawel 

<s> 

V// £AP 

sheet 

6 




.as 



APP fZWSO POP. CAPCHT 


SIMCUE 


40* 


40 
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&/•?•? TO 335/5*$ 
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RfiEWitASS 



T<3 

6 



urethane 




Z5 
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± 4-30 To 48Q/CQ (Z») 
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H. FLASHING (s 


1. Purpose: To stop water penetration at joints and intersec¬ 
tions of building elements by use of pliable, long-lasting 
materials. 

2. Materials 

_ a. Stainless steel: best 

_ b. Copper 

_ c. Aluminum 

_ d. Galvanized metal (must be painted) 

_ e. Flexible (PVC, EPDM, etc.) 

_ f. Felt: worst 

3. Locations 
_ a. At roof 


_ (1) Edges 

_ (2) Where roof meets vertical elements, such as 


walls 


_ (3) Penetrations 

_ b. At walls 

_ (1) Copings at top 

_ (2) Foundation sills 

_ (3) Openings (heads/sills) 

4. Typical Details 

FLA5HIN Q FOR NPM- WALL 6tlPR3gTE17 VeCY- 

fly mvr-iIP 


e/'LAP^/eEALMT 


me-tal iaF at jt 






PCTEfNgES & 




2“ wipe cut; *- 
'ict'O'O 


.Ftex.ivexric- 
liix Jf VfiPTH 
BRWfJ.OlA. 


.FtiAVAfSlC 
K6TA eo&z 


we rwAne. 

FLASH'O. AP- 
HEREOTo 

APHSSWE 



FLASHi&. 


£l_^WoppCA(Jr 


Srgif’ mail 

8 a; 


A \S6AL EPEES 

A »RASHlNO feA 
jS?VePPM MSM0SAKJE r ?| 
Vasten to wp HAaefc 


Costs: Complete roof to parapet assembly: « $20.80/LF 
Complete edge of roof assembly: = $15.95/LF 
Metal flashing: $6.85 to $10.30/SF (10% M and 90% L) 
Copper flashing: $7.80 to $10.80/SF (45% M and 55% L) 
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I. JOINTS (T ) ( 5 ) (n 


1. General 

_ a. Joints need to be planned because buildings and 

construction materials move small amounts over 
time. 

The two greatest 
sources of joint fail¬ 
ure are failure to 
clean the joint and 
failure to tool the 
sealant. 

_ b. Types 

_ ( 1 ) 



uMtoolep 


760l£X> 


Expansion joints allow for movement. 
These will often go completely through the 
building structure with columns on each 
side of joint. See p. 159 for seismic joints. 

_ (2) Control joints allow for control of cracking 

of finish materials by providing an inden¬ 
tion to induce the crack in a straight line. 
See p. 276 for concrete slabs. See p. 299 
for masonry. See p. 376 for roofing. See p. 
415 for plaster. 

_ (3) Weather seals reduce infiltration through 

building from outside (or vice versa), 
c. Locations (Expansion Joints) 

_ (1) New building adjoining existing structure 

_ (2) Long, low building abutting higher building 

_ (3) Wings adjoining main structure 

_ (4) Long buildings: 125' for masonry, and 200' 

for steel or concrete buildings, but 100' is a 
conservative rule of thumb. 

_ (5) Long, low connecting wings between build¬ 
ings 

_ (6) Intersections at wings of L-.T-, or U-shaped 

buildings 

_ (7) Control joints along walls and at openings 
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d. Components 

_ (1) Sealant 

_ (2) Joint filler 

e. Widths = thermal expansion + moisture + tolerance. 
_ (1) Thermal expansion = Ec x 0t x L 

_ (a) Ec, coefficient of thermal expan¬ 
sion of material, as follows: 



JOINT WIPTHS FOR SEALANTS WITH VARIOUS MOVEMENT 0AFA&HJT1E'& 
EOF. 10 FOOT PANEL* AT At OF IW"F 


_ ( b ) 0t = max. probable temp, difference 

the material will experience over 
time. For ambient conditions, take 
the difference between items P and 
Q in App. B. Because materials 
absorb and/or retain heat, the result 
should be increased for the type of 
material (can easily double). 

_ (c) L = Length in inches. 

(2) Moisture can add to expansion or to shrink¬ 
age, depending on the material. See p. 299. 

(3) Construction tolerance: depends on mate¬ 
rial. For PC concrete panels use /% for 10' 
lengths and %" for 30' lengths. 


L>AHCL£ % ASSUME CONC. WAU- PANEL*?, S' WIPE. EXPECT CMC. 

At OF I to° F 4 A TOLERANT OF '/&"■ d&e A -SEALANT 
v//20% MOVEMENT OARA&IL.IT/E-&. 

FR&M OHARTAEtoV'E. S '/'ll' ( ) + &" = ’%Z 

annoe Rvfet-ts-e 'wires * 2 = -sc 


























384 The Architect’s Portable Handbook 


f. Depths: 


Joint 

width 

Depth of sealant 

Concrete, 
masonry, stone 

Metal, glass, and other 
nonporous materials 

Min. I/4" 

%" 

%" 

%" to Vz" 

Same as width 

%" 

'A" to 1" 

One-half width 

One-half width 

1" to 2" 

Max. Vz" 

Max. Vz" 


2. Sealants 
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CUKINOTiME (BAYS) 
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14 
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SBSiSRANCe to: 

(#66 lEdBNP) 

uunsAVioue-Y 
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1-3 
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z 
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3 

3 

5 


cor / TgAi*. 

2. 
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(4) CURE Time FDR U>w To MBS 7 - M0PUU63 SiuooNE IS AeooT 2 l-eue&. 
C6) 5IUCONE CAN ee APPW&? CV6K a WIPE TSHPEftATUSS ranee. 
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_ 3. Checklist of Infiltration Control 

_ a. Tighten seals around windows and doors, and 

weather stripping around all openings to the outside 
or to unconditioned rooms. 

_ b. Caulk around all windows and doors before drywall 

is hung. Seal all penetrations (plumbing, electrical, 
etc.). 

_ c. Insulate behind wall outlets and/or plumbing lines in 

exterior walls. 

_ d. Caulk under headers and sills. 

_ e. Fill spaces between rough openings and millwork 

with insulation (best application with foam). 

_ f. Install dampers and/or glass doors on fireplaces, 

combined with outside combustion air intake. 

_ g. Install backdraft dampers on all exhaust fan open¬ 
ings. 

_ h. Close core voids in tops of block foundation walls. 

_ i. Control concrete and masonry cracking. 

_ j. Use airtight drywall methods. 

Costs: Exterior joint ,'/" x /” $2.70/LF (20% M and 80% L) 

Interior $2.40/LF 

For joint fillers and gaskets add 50% to 100% 
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S' Mlsj, 


A. DOORS @ (To) @ (27) (6o) 


_ 1. Accessible Door Approach (ADA) (20) 





A = 3 1 MIN. IPV - &' , „ 

X -MiM, ir Y -4*6> 


>- 


rt 

"i 

i 

i 


2' MW. 


Y“ 4-fo MW. IF H44 
Ya 4' MW.' 


- >7 I _ 1 

+!l I’♦’I 
iT 1 1 



Jj ji 


Y» 4 MIN. IFOKOKHA^eorH A 

CUPAfYi 4 LATCH, CTHERW'Afc 

Y - ■S 1 -£> 11 


2' MW, 






6>UPiN<5 ^ FOLPIN4 Voo^ 



.NC'fli AW. CfcC«A> IN ALCOVES ewAU, COMPLY W/ FISOMT APPROACHES., 
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2. General 

_ a. Types by operation 

_ (1) Swinging 

_ (2) Bypass sliding 

_ (3) Surface sliding 

_ (4) Pocket sliding 

_ (5) Folding 

_ b. Physical types 

(1) Flush (2) Panelled (3) French (4) Glass 


□ □ 
□ □ 
□ □ 


(5) Sash (6) Jalousie (7) Louver 



(8) Shutter (9) Screen (10) Dutch 



c. Rough openings (door dimensions +) 

Width Height 

In wood stud walls (r.o.) +3Y2 1 ' +3/2" 

In masonry walls (m.o) +4" +2" to 4" 


d. Fire door classifications: see p. 130. 

e. Energy conservation: Specify doors not to exceed: 
_ (1) Residential: 0.5 CFM/SF infiltration 

_ (2) Nonresidential: 11.0 CFM/LF crack infil¬ 
tration 

_ (3) Insulated to R=2. 
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5. Hollow Metal Doors and Frames 




H 

T~ 




r 4 %•'j 5 3 4 ; | % b " f on I voofo 

6 3 /4“ ; S 3 V 

r- I Fotf I^'t*©** 


i V,,-" 


to 


I /|6 




2* X 
) —} u * 


TiL 


'/i 


3" 

OF 

3 3 /4-" 


ROUBLE RABBET 


SIMPLE RABBET 


a. Material (for gauges, see p. 317). Typical gauges of 
doors (16,18,20) and frames (12,14,16,18) 


Use 

Frame 

Door face 

Heavy (entries, stairs 

12,14 

16 

public toilets, mech. rms.) 



Medium to low 

14,16,20 

18 

(rooms, closets, etc.) 




_ b. Doors (total door construction of 16 to 22 GA) 

Thickness VA" and 114" 

Widths 2' to 4' in 2" increments 

Heights 6'8", 7', 7'2", 7'10", 8', 10' 

Costs: Frames: 3' x 7', 18 GA $8.00/SF (of opening) or 16 GA at 
$9.20/SF (60% M and 40% L), can vary ±40%. 

Doors: 3' x 7', 20 GA, VA"-. $17.50/SF (85% M and 3' x 6'8", 
20 GA, VA": $16.80/SF 15% L). 

Add: lead lining: $720/ea., 8" x 8" glass, $145/ea., 
soundproofing $35/ea., 3-hour $145/ea., %-hour $30/ea. 

_4. Wood Doors 

_ a. Types 

_ (1) Flush 

_ (2) Hollow core 

_ (3) Solid core 

_ (4) Panel (rail 

and stile) 
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_ b. Sizes 

Thickness: 154" (SC), 1 %" (HC) 

Widths: 1'6" to 3'6" in 2" increments 
Heights: 6', 6'6", 6'8", 6'10", 7' 

_ c. Materials (birch, lavan, tempered hardboard) 

Flush Panel 

Hardwood veneer #1: hardwood or pine for 

transp. finish 

Premium: for transp. finish #2: Doug fir plywood for paint 
Good #3: For paint. 

Sound: (for paint only) 


_ d. Fire doors (with mineral composition cores) B and 

C labels. 

Typical costs: 

Wood frame: interior, pine: $4.80/SF (of opening) 
exterior, pine: $9.35/SF 
(triple costs for hardwoods) 

Door: H.C. 154", hardboard $6.35/SF 

S.C. 154", hardboard $13.00/SF (75% M and 25% L) 
Hardwood veneers about same costs. 

For carved solid exterior doors, multiply costs by 4 to 6. 

_ 5. Other Doors 

_ a. Sliding glass doors 





—) 




TEMP 

TY^kSAL- 


4 — 


-5AM6. a* Aaove. 

+ 5 " 


Typical costs (aluminum with V" tempered glass): 
$840 to $1080/ea. (85% M and 15% L) 

12' wide: $1465 to $2160/ea. 

Add 10% for insulated glass. 
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_ b. Aluminum “storefront” (7' ht. typical) 

Typical cost with glass: $40/SF (85% M and 15% L). Variation of 

-25% to +55%. 

_ c. Residential garage doors 

8' min. width/car (9' recommended) 

6'6" min. height (7'2" min. ceiling). 

Costs: $34.50/SF (75% M and 25% L) 

_ d. Folding doors 

2 panels: 1'6", 2'0", 2'6", 3'0" openings 
4 panels: 3'0", 4'0", 5'0", 6'0" openings 
6 panels: 7'6" opening 
8 panels: 8'0", lO'O", 12'0" openings 

Costs: Accordion-folding closet doors with frame and trim: 

$27.60/SF 




NOTE 
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_ 3 . WINDOWS © @ @ @ 


For costs, see p. 398. 

_ 1. General 

_ a. In common with walls, windows are expected to 

keep out: 

• winter wind 

• rain in all seasons 

• noise 

• winter cold 

• winter snow 

• bugs and other flying objects 

• summer heat 

They are expected, at the same time, to let in: 

• outside views 

• ventilating air 

• natural light 

• winter solar gain 

_ b. Size designations: 3' W x 6' H = 3060 

_ c. For types by operation, see p. 398. 

_ d. For aid to selection of type, see p. 396. 

_ e. Windows come in aluminum, steel, and wood. See 

pp. 400 and 401 for typical sizes. 

_ f. Fire-rated windows: see p. 122. 

_ g. Energy conservation: Specify windows to not 

exceed 0.34 CFM per LF of operable sash crack for 
infiltration (or 0.30 CFM/SF). NFRC ratings: 

U factor of .50 (0.25, better) 

SHGC of .40 


- gou&H OPENING- > 


<-6>iz£.-) 
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• INDICATED CHARACTERISTICS 

WINDOW TYPES 

DISADVANTAGES 

X 

3 

X 

l 

1 

1U 

a 

fc: 

4' 
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•X 
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3 

1' 

X 
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su 
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f! 
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tx 

LA 
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LI 
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J 

< 

JL 

* 

St" 
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§ 

1 

3 

5C 

a. 

Cl 

-i 

? 

1 

1 

Z 


ONLY 60% OF AREA OPENA&EE 

• 

• 












• 


DOESN'T PROTECT FROM RAiN,WU6N0PEN 

• 

• 

• 



• 








• 


INCONVENIENT OPBR. IP OVER O&e-TRUCTlON 

• 

• 





• 

• 






• 


WAZ'P. IF LOW VENT NEXT TO WALK 



• 


• 

• 

• 

• 




• 

• 



REQUIRES WEATHER 6TKIPFTN6. 

• 

• 

• 

• 


• 

• 

• 

• 





• 


HORZ- MEMSERS OBSTRUCT VIEW 

• 

• 



• 


• 




• 

• 

• 



VERT. MEMBERS OBSTRUCT VIEW 



• 

• 










• 


WILL IF NOT STRUCTURALLY STRONG 



• 

• 












6LASS QUICKLY SOILS WHEN VENTOPEN 





• 


r ®. 

• 

• 


• 

• 

• 



EXCESSIVE AIR LEAKAGE. 











• 





HARO TO WASH 











• 





INTERFERES W/ FURNITURE, CRAPES, ETC. 




• 


• 

• 


• 







SCREENS-STORN £<VGH PIFFICUU"0 TRoVfe 
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• 
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SASH HAS TO BE BSM0V6P fc* WASHING 
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O INDICATES CHARACTERISTIC®* 

WINDOVJ TYPES 

At? VANTA&k# 
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SCREEN 4 STORM EAST TB IHSTAU- 
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• 
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• 






• 


PROVIDES 100% VENT OPENINO 











• 
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EAST TO WASH W/ PROPER HARDWARE 
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• 
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• 

a 


A 

A 




OFFERS RAIN PROTECTION, f&RTWopBN 
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• 

w 
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DIVERTS INplOyif^fr AlR UPWARD 
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Opt? SCZ&S gCONOMlCAWTAVAlUVeue 
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LAE6E SIZES FBfVCTICAU 
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W1N90W TYn* OPfcgATIOM AMP MAtfcglAL. ^ CO&T£> 

WOT£.: (AA^^CulOBVMCOhT^ * llo'/.M $io‘/.Q 
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TYPiCAL WOOP WINDOW gA5>H 

3 1 ' I 1 ' TO 3-<V' (IN 4-" IKkTEMENT^) 
3‘- 3“ TO 5 1 - c t" c IH a" INCffEME-rmO 


2* -O 11 TO 4 l -6 11 (IN Z" IHOKEMENT^ 


HORIZONTAL 6LIPING WINP0W6 


f-f 




5'-2'' 


4'-0“ TO 5- O" C IN (o INCREMENT'S:) 
5‘-0“ TO (IN£ U INCREMENT'S) 



3k. 


PICTURE. WIN CDW3 


(-(- 



l'-fe“ I-ft 1 ' Z'-O'' z'-4'' Z 1 - £>" 

Z'-&, 3'-O*, 3-4-", S'-C", 3-6“ 


Z 1 - £>' TO 5 l - 0" (IN 4" INCREMENT'S.) 
F'-Z“to 7*-z" (IN 4“ INCREMENT'S) 


DOUBLE HUNG WINDOWS 
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ALUM. 5 R’ESIPENTiAL 6IZt<? 
S>TEEL | tfa <5>T0 



l\ 1-a", 3 1 , 3-4-" 
3-S“ <b' 


i 

T 


3'. a”, 4-4" s', lo' 


I 1 . J l v 

(TOUSLE OR 6IN6LE HUNQWINPOWS 


2-3', 3-^ 


6' io 1 


6IN6LE HUNO WSN39WS 


f- 

#- Z'W IN l" 

INCREMENTS 

( Q> To lo 1 

IN I 11 INCREMENTS 



/ 

Z-'to 6> IN l" 

INCREMENTS 

z 





2 1 TO d IN (" 
INCREMENTS 

9 

-> 




4- 


HORIZONTAL BUPINO WINR5WS 



f-J 

f/l 


\ 

\ 


2 1 - II iV 



/ 

\ 

/ 

\ 

\ 

/ 

\ 

/ 


COMBINATION WiNOSWS 



ALUMINUM CASEMENT WlNRTWS 


TVPICAU 

l^STAL 

WINDOW 


2'-oV/ 
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C. HARDWARE (it) Cn 


1. General Considerations: How to ... 

_ a. Hang the door 

_ b. Lock the door 

_ c. Close the door 

_ d. Protect the door 

_ e. Stop the door 

_ f Seal the door 

_ g. Misc. the door 

_ h. Electrify the door 

2. Recommended Locations _ 5. Poor Hand Conventions 


£ HIM&& 




0 

111 


4. STRIKE. RPK t7£At7UCCK4? 


t f’U'bH / FULL LATCHED . 
£IAT£^ 


4 PR. FpfrU/FMll &AK 


4 ^TKIK&_F&R 


=o 

+1 


a c 

LEFT HASP gl&HT HANIp 


a c 

LEFT HANP> RIGHT HANP 

REVERSE 

£j* PIREC-TION OF TRAVEL AS¬ 
SUMED TO BE FROM OUTSIDE IN 

op from keyEi? Side for in¬ 
terior tKOPPx 


4. Specific Considerations 

_ a. Function and ease of operation 

_ b. Durability in terms of: 

_ (1) Frequency of use 

_ (a) Heavy 

_ ( b ) Medium 

_ (c) Light 

_ (2) Exposure to weather and climate (alu¬ 
minum and stainless steel good for humid 
or coastal conditions) 

_ c. Material, form, surface texture, finish, and color. 

5. Typical Hardware 

_ a. Locksets (locks, latches, bolts) 

_ b. Hinges 

_ c. Closers 

_ d. Panic hardware 

_ e. Push/pull bars and plates 
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_ f. Kick plates 

_ g. Stops and holders 

_ h. Thresholds 

_ i. Weatherstripping 

_ j. Door tracks and hangers 

6. Materials 

_ a. Aluminum 

_ b. Brass 

_ c. Bronze 

_ d. Iron 

_ e. Steel 

_ f. Stainless steel 

7. Finishes 


BHMA # 

US# 

Finish 

Base material 

600 

USP 

Primed for painting 

Steel 

601 

US IB 

Bright japanned 

Steel 

602 

US 2C 

Cadmium plated 

Steel 

603 

US 2G 

Zinc plated 

Steel 

605 

US 3 

Bright brass, clear coated 

Brass* 

606 

US 4 

Satin brass, clear coated 

Brass* 

611 

US 9 

Bright bronze, clr. coat 

Bronze* 

612 

US 10 

Satin bronze, clear coated 

Bronze* 

_ 613 

US 10B 

Oxidized satin bronze, 
oil rubbed 

Bronze* 

_ 618 

US 14 

Bright nickel plated, 
clear coated 

Brass, Bronze* 

_ 619 

US 15 

Satin nickel plated, 
clear coated 

Brass, Bronze* 

622 

US 19 

Flat black coated 

Brass, Bronze* 

_ 624 

US 20A 

Dark oxidized statuary 
bronze, clr. coat 

Bronze* 

625 

US 26 

Bright chromium plated 

Brass, Bronze* 

626 

US 26D 

Satin chromium plated 

Brass, Bronze* 

627 

US 27 

Satin aluminum, clr. coat 

Aluminum 

628 

US 28 

Satin aluminum, clear anodized 


629 

US 32 

Bright stainless steel 


630 

US 32D 

Satin stainless steel 


684 

— 

Black chrome, bright 

Brass, Bronze* 

685 

— 

Black chrome, satin 

Brass, Bronze* 


*Also sometimes applicable to other base materials. 
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3. APA-Accessible Hardware 



Ffe>J££-n 

\V?TOl l /l 


3 V Tb4-y 


La/EJZ HAMPl€^ 



pk»?e 
Pi IU& 


s\ 


FVW FUtns*'? 


9. Costs: 

Residential: $115/door (80% M and 20% L) 

Variation -30%, +120% 

Commercial: 

Office: 

Interior: $235/door (75% M and 25% L) 

Exterior: $450/door (add = $510 for exit devices) 
Note: Special doors, such as for hospitals, can cost up to 
$685/door 
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D. GLASS (34) (60 


1. General: Glass is one of the great modern building materi¬ 
als because it allows the inside of buildings to have a visual 
relationship with the outside. However, there are a number 
of problems to be overcome: 

2. Energy: Because more heat flows through glass than any 
other building material, it must be sized and located care¬ 
fully. See p. 184. 

_ a. Solar: When heating is needed, glass can be used on 

south sides to help. See p. 185. When heating is to be 
avoided, it is best to place glass on north or south 
sides, avoiding the east and west. The shading coeffi¬ 
cient (SC) is the ratio of the total solar heat gain to 
that of Ys" clear glass. 1.0 is no shade, so the lower the 
number the better. The shading coefficient is approx, 
equal to the SHGC x 1.15. The solar heat gain coeffi¬ 
cient (SHGC) has replaced the SC as the standard 
indicator of shading ability. SHGC is the fraction of 
all solar radiation released inside. It is expressed as 
between 0 and 1, with the lower having more shading 
ability. 


CLEAR 


= 1.0 


interior 

CURTAIN'S’ 

rJpf 


INfWlOR 
ftJNP* 


Exrsfti of. 





* t 


BUN0S> 




S’ 





$C= A To .5 


n 

Dp 


6C-.2TO.I ec.- .'25TOA5 
Extejociz: 


V 


SCREEN 



w 


,C?ro .4- ec=,&i 2 ?.z. 


.15 


TO, 2 


b. Conduction/convection heat flow: Also transfers 
heat, since glass is a poor insulator. See p. 368. 
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3. Condensation: As room air comes in contact with cold 
glass, it drops in temperature, depositing excess water vapor 
on the surface as liquid condensate. Use the following graph 
to select glazing to avoid this: 

6LAZWG- K 4 C0HV&i$ATK>H K>K 70° F !N6IP£ 



-a3 -23-10 O I© 20 3(3 40 50 60 7<? 

OUt&iOE AIK TE.MP 


4. Legal Requirements: The IBC requires safety glazing at 
locations hazardous to human impact. Safety glazing is 
tempered glass, wired glass, and laminated glass. Hazardous 
locations are: 
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_ a. Glazing in swinging doors (except jalousies) 

_ b. Sliding and bifold doors 

_ c. Storm doors 

_ d. At doors and enclosures (where bottom of glass is 

less than 60" AFF and 60" from water edge) for hot 
tubs, whirlpools, saunas, steam rooms, bathtubs, and 
showers 

_ e. Glazing adjacent to doors within 24"; also at less than 

60" AFF (except where there is a perpendicular wall 
between the door and glass, and at R-2 occ., in walls 
perpendicular to door) 

_ f. Glass panels where (all conditions apply): 

_ (1) Pane greater than 95F 

_ (2) Bottom less than 18" AFF 

_ (3) Top greater than 36" AFF 

_ (4) Walking surface within 36" of glass 

(Except a rail at walking side at 34" to 38" 
AFF) 

(Except outer pane of insulating glass at 25' 
or more above adj. surface (walk, roof, etc.) 

_ g. Railings 

_ h. Glass adjacent to stairways, landings, and ramps, 

where: 

_ (1) Within 36" of walking surface 

_ (2) Within 60" of bottom tread 

_ (3) Bottom less than 60" or nose of tread walk¬ 
ing surface 

5. Sizina of Glass 

_ a. Determine wind speeds at site by consulting App. B, 

item S. Convert to pressure: 

Wind pressure at 33' height 


Wind(MPH) 70 80 90 100 110 120 130 

Pressure (PSF) 12.6 16.4 20.8 25.6 31.0 36.9 43.3 





MAXIMUM AU-OWEP AREA <X- GM&rtr, <Vf 
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b. Multiply results by the following factors: 

_ (1) For low, normal, open sites: 1.5 

_ (2) For high, windy, or gusty sites: 3.0 

c. Select glass size from below: 


MAXIMUM 6LAZIN&- AREA V6, PRENDRE 



6. Costs: 

/" dear float glass: $8.40 to $10.80/SF (45% M and 55% L) 
Modifiers: 

Thickness: 

%” glass -30% 

%" glass +40% 

Vi" glass +110% 

Structural: 

Tempered +20% 

Laminated +100% 

Thermal: 

Tinted or reflective +20% 

Double-glazed and/or low E +100% 
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EXAMPIE: 

PHtf&wiX/ az, n<o MfH app e>, i-tem ^ 

6M p. 64f) £40At^ & l^.'ZF-F^F- ^HAu 
e’/re ; /.e> * r£. 2^ = zof^F. 

Coouo u^e ; a>f of 

2<9<$-F <?F P-5- OfZL. 


7.T ypical Glazing Characteristics 


Glazing type 

R 

value 

Shade Vis. trans. Perf. 
coef. (%) index 

SHGC 

_ Single-Glazed (SG), clr. 

0.90 

1.00 

90 

0.90 

0.86 

SG gray-tinted 

n 

0.69 

43 

0.62 


SG bronze-tinted 

n 

0.71 

52 

0.73 


_ SG green-tinted 

n 

0.71 

75 

1.09 


SG reflective 

" 

0.51 

27 

0.53 


SG low-E, clear 

1.40 

0.74 

84 

1.14 


SG low-E, gray 

" 

0.50 

41 

1.82 


SG low-E, bronze 

II 

0.52 

49 

0.94 


_ SG low-E, green 

II 

0.56 

71 

1.27 


Double-Glazed (DG), clr. 

2.00 

0.84 

80 

0.95 

0.76 

DG gray-tinted 

" 

0.85 

39 

0.69 


DG bronze-tinted 

" 

0.59 

47 

0.80 

0.62 

_ DG green-tinted 

" 

0.60 

68 

1.13 


DG reflective 

II 

0.42 

26 

0.62 


DG low-E, clear 

3.12 

0.67 

76 

1.13 

0.74 

_ DG low-E, gray 

II 

0.42 

37 

0.88 


DG low-E, bronze 

" 

0.44 

44 

1.00 


_ DG low-E, green 

" 

0.47 

64 

1.36 


_ DG polyfilm, clear 

4.5 

0.42 

53 

1.26 


_ DG polyfilm, gray 

II 

0.27 

26 

0.96 


_ DG polyfilm, bronze 

II 

0.29 

32 

1.10 


_ DG polyfilm, green 

II 

0.29 

45 

1.55 


DG spectrally selective 

4.17 

0.47 

72 

1.53 

0.41 

Triple-Glazed (TG), clr. 

3.22 

0.81 

75 

0.93 

0.69 

_ TG, low-E 

9.09 

0.57 

68 

1.19 

0.49 


Note: Performance Index (“Coolness Index”) = Visual Transmission/Shading Coeffi¬ 
cient. The higher the number the better. 
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A. PLASTER 


Note: For EIFS, see p. 372. 


3 64 WlR£0££TEEL 
evPPOKTlUC J2T025«F 


MAIM FRAME. CHAWN£t£> 

Ci '4" e 2 i «3^.) 

Cf?064 FURRIM6 CHANNELS’ 

O/* 11 0 

METAL UATM AMP 5 
COATZ OF PlA'TER ■ 



TYPICAL 

CE.ILIM6 


1. Exterior (stucco) of cement plaster. 

2. Interior of gypsum plaster. 

3. Wall supports usually studs at between 12" and 24" oc. If 
wood, use 16" oc min. 

4. Full plaster —3 coats (scratch brown, and finish), but walls 
of masonry can have 1 or 2 coats. 

5. Joints: Interior ceilings: 30' oc max. 

Exterior walls/soffits: 10' to 20' oc. 

6. Provide vents at dead air spaces (W'/SF). 

7. Curing: 48 hrs moist curing, 7 days between coats. 


Costs: 

Ceilings with paint, 
plaster, and lath 

Walls of stucco with 
paper-backed wire lath 


$2.40 to $7.80/SF (25% M and 
75% L), can vary up to +60% 
for plaster 

$2.65/SF for stucco + $1.20/SF 
for lath (50% M and 50% L) 
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_ B. GYPSUM WALLBOARD (DRYWALL) 

© © 


_ 1. Usually in 4' x &' (or 12') 

sheets from /" to 1" thick 
in about %" increments. 

_ 2. Attach (nail or screw) 

against wood or metal 
framing—usually at 16" 

(fire rating) to 24" oc. 

_ 3. Type “X”, %" will give 1 hr. 

fire rating. Roughly each 
additional Yi layer will 
give 1 hr. rating up to 
4 hours, depending on 
backing and application. 

_4. Water-resistant (green) 

available for wet areas or 
exterior. 

For exterior soffit venting, see p. 363. 

Costs: 

Yi gyp. bd. $.80/SF ceilings 

on wood $1.20/SF columns and beams 

frame $.80/SF walls 

(Approx. 50% M and 50% L) 

Increase 5% for metal frame. Varies about 15% in cost for %' ea. 

thickness. Add $.10/SF for fire resistance. Add $.17/SF for water 

resistance. Add $.50/SF for joint work and finish. 

egAHfgr 

ri©? u&fof wau* <^ki fi?am£., i zbapy 

fof fAiisr. 

'Yz 11 - (WauS) +■ ,IO>4 05 / foe, ^xr«A 

fy."TmcKH&?£) + 4> 0.5# fo \2 P/d 1644. 

= 5 1.4o /^F / 4e\42-/5F 
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C. TILE (4) (12 


_ 1. Settings 

_ a. Thick set (%" to 1 !4" 

mortar bed) for 
slopes. 

_ b. Thin set {%" mortar 

or adhesive) for 
faster and less expen¬ 
sive applications. 

_ 2. Joints: %" to 14" (can be 

epoxy grouted for quarry tile 
floors). 

_ 3.Types 

_ a. Ceramic glazed and unglazed for walls and floors of 

about /" thick and 4-6" SQ. Many trim shapes avail¬ 
able. 

_ b. Ceramic mosaic for walls and floors of about V” thick 

and 1" to 2" SQ. 

_ c. Quarry tile of earth tones for strong and resistant 

flooring. Usually A" to %" thick by 4" to 9" SQ. 

Typical Costs: 

Note: Costs can vary greatly with special imports of great 
expense. 

Glazed wall tile: $7.10/SF (50% M and 50% L), variation of 
-25%, +100% 

Unglazed floor mosaic: $10.65/SF (65% M and 35% L), vari¬ 
ation of +35%, -10% 

Unglazed wall tile: $7.90/SF (40% M and 60% L), variation 
of+35%,-15% 

Quarry tile: $11.65/SF (same as above), variation of ±10% 
Bases: $11.65/LF (same as above), variation of ±10% 
Additions: color variations: +10 to 20% 
abrasive surface: +25 to 50% 
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D. TERRAZZO (4 



_ 1. A poured material 

(usually Vi" thick) of 
stone chips in a cement 
matrix, usually with a 
polished surface. 

_ 2. Base of sand and con¬ 
crete. 

_ 3. To prevent cracking, 

exposed metal dividers 
are set approx. 3' to 6' 
oc each way. 

_ 4. Newer, high-strength terrazzo (with chemical binders) is 

thin set with far less jointing. Can also come in tile pavers of 
about 1" thick x 9" SQ to 2' SQ. 

Costs: $13.50/SF to $18.00/SF (45% M and 55% L) 

Tiles: $20.50 to $33.50/SF 


E. AC0U5TICAL TREATMENT @ @ 

_ 1. Acoustical Ceilings: Can consist of small (%" thick x T SQ) 

mineral fiber tiles 
attached to wallboard 
or concrete (usually 
glued). Also, acousti¬ 
cal mineral fibers with 
a binder can be shot 
on gypsum board or 
concrete. 

Costs: Small tiles $1.30 to $1.80/SF (40% M and 60% L) 

_ 2. Suspended Acoustical Tile Ceilings: Can be used to cre¬ 
ate a plenum space to conceal mechanical and electrical 
functions. Typical applications are 2' SQ or 2' x 4' tiles in 
exposed or concealed metal grids that are wire-suspended 
as in plaster ceilings. The finishes can vary widely. 

Costs: Acoustical panels $1.20 to $2.40/SF (70% M and 30% L) 
Suspension system $1.20 to $1.50/SF (80% M and 20% L) 
When walls do not penetrate ceilings, can save $0.10 to 
S0.25/SF. 












_ F. WOOD FLOORING @ @ 

_ 1. See p. 356 for structural decking. 

_ 2. Finished flooring can be of hardwoods or softwoods, of 

which oak, southern pine, and Douglas fir are the most 
commonly used. 

_ 3. All-heartwood grade of redwood is best for porch and 

exterior flooring. 

_ 4. If substrate is concrete, often flooring is placed on small 

wood strips (sleepers); otherwise flooring is often nailed to 
wood substrates (plywood or wood decking). 

_ 5. Because wood is very susceptible to moisture, allowance 

must be made for movement and ventilation. Allow expan¬ 
sion at perimeters. Vapor barriers below concrete slabs are 
important. 

_6. Use treated material in hot, humid climates. 

_ 7. Three types of wood flooring: 

_ a. Strip 

_ b. Plank 

_ c. Block (such as parque) 


uPTosWwire 
om «* 



Typical Costs: 

Wood strip fir $6.00/SF (70% M and 30% L) 

Oak +90% +10% finish 

Maple +100% clean and wax = $0.40/SF 


_ <3. MASONRY FLOORING @ @ 

See Part 4 on materials. 

Typical Costs: 

l'/i" x 4" x 8 brick: $11.00/SF 
(65% M and 35% L) 

Add 15% for special patterns. 
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H. RESILIENT FLOORING @ @ 


1. Consists of sheets 

or tiles of vinyl, cork, 
rubber, linoleum, or 
asphalt with vinyl the 
most commonly used. 

2. Is approx. !4s" to /»" 
thick with tiles being 
9" SQ to 12" SQ. 

3. Applied to substrate with mastic. Substrate may be ply¬ 
wood flooring, plywood or particleboard over wood deck, 
or concrete slabs. 

4. Vapor barriers often required under slabs. 

5. Vinyl base is often applied at walls for this and other floor 
systems. 



A wide range of colors and patterns is available for flooring. 


Typical Costs: 

Solid vinyl tile 
A x 12 x 12 

Sheet vinyl 


Vinyl wall base 
Stair treads 


$3.60/SF (75% M and 25% L), can go up 
20% for various patterns and colors; dou¬ 
ble for “conductive” type. 

$3.30/SF (90% M and 10% L), variation 
of -70% and +100% due to various pat¬ 
terns and colors. 

$2.10/LF (40% M and 60% L). Can vary 
+15%. 

$9.60/LF (60% M and 40% L). Can vary 
from -10% to +40%. 














_ I. CARPETING ( 7 ) © @ 


1. Most wall-to-wall carpeting is produced by looping yarns 
through a coarse-fiber backing, binding the backs of the 
loops with latex, then applying a second backing for 
strength and dimensional stability. Finally the loops may be 
left uncut for a rough, nubby surface or cut for a soft, plush 
surface. 

2. The quality of carpeting is often determined by its face 
weight (ounces of yarn or pile per square yard), not its total 
weight. Weights run: 

_ a. Low traffic: 20-24 oz/SY 

_ b. Medium traffic: 24-32 oz/SY 

_ c. High-end carpet: 26-70 oz/SY 

3. A better measure of comparison: 

face weight x 36 

weight density factor = --—;— — - = oz/CY 

5 71 pile height 

Ideally, this should be as follows: 

_ a. Residential: 3000 to 3600 oz/CY 

_ b. Commercial: 4200 to 7000 oz/CY 

4. Flame spread: see p. 446. 

5. There are two basic carpet installation methods: 

_ a. Padded and stitched carpeting: Stretched over a 

separate pad and mechanically fastened at joints 
and the perimeter. Soft foam pads are inexpensive 
and give the carpet a soft, luxurious feel. The more 
expensive jute and felt pads give better support and 
dimensional stability. Padding adds to foot comfort, 
helps dampen noise, and some say, adds to the life 
of the carpet. 

_ b. Glued-down carpets: Usually used in commercial 

areas subject to heavily loaded wheel traffic. They 
are usually glued down with carpet adhesive with a 
pad. This minimizes destructive flexing of the back¬ 
ing and prevents rippling. 

6. Maintenance Factors 

_ a. Color: Carpets in the midvalue range show less soil¬ 
ing than very dark or very light colors. Consider the 
typical regional soil color. Specify patterned or mul¬ 
ticolored carpets for heavy traffic areas in hotels, 
hospitals, theaters, and restaurants. 

_ b. Traffic: The heavier the traffic, the heavier the den¬ 
sity of carpet construction. If rolling traffic is a fac¬ 
tor, carpet may be of maximum density for minimum 
resistance to rollers. Select only level-loop or dense, 
low-cut pile. 
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7. Carpet Materials: 


Fiber Advantages Disadvantages 


Acrylic 
(rarely used) 

Resembles wool 

Not very tough; 
attracts oily dirt 

Nylon 
(most used) 

Very tough; resists 
dirt, resembles wool; 
low-static buildup 

None 

Polyester 
deep pilings 

Soft and luxurious 

Less resilient; 
attracts oily dirt 

Polypropylene 

indoor-outdoor 

Waterproof; resists 
fading and stains; easy 
to clean 

Crushes easily 

Wool 

Durable; easy to clean; 
feels good; easily dyed 

Most expensive 

. Costs: (90% M and 10% L) (Variation d 

:100%) See p. 461 


for interiors wholesale/retail advice. Figure 10% waste. 


Repair/level floors: $2.15 to $8.00/SY (45% M and 55% L) 
Padding 

Sponge: $7.40/SY (70% M and 30% L) Variation ±10% 
Jute: -10% 

Urethane: -25% 

Carpet 

Acrylic, 24 oz, med. wear: $27.10/SY 
28 oz, med./heavy: $33.60/SY 
Residential 

Nylon, 15 oz, light traffic: $19.50/SY 
28 oz, med. traffic: $23.75/SY 
Commercial 

Nylon, 28 oz, med. traffic: $25.00/SY 
35 oz, heavy: $29.50/SY 
Wool, 30 oz, med. traffic: $49.50/SY 
42 oz, heavy: $54.00/SY 
Carpet tile: $3.30 to $6.60/SY 
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CA*Pg»TTYP6» 

TYPE QT WEAVE- CHARACTERISTICS AW REST USES 

LEVEL Ut7P : EVEN HEICHT, TICWLY SWEEP UN¬ 
CUT LOOPS. TEXTURE IS HARP AND PE00LY. 
HARP WEARING AND EASY TO CLEAN. IDEAL 
FOR OFFICER? 4NP WISH TRAFFIC AREAS. 




MULTI-LEVEL U»P : UNEVEN HEISHT IN PATTERNS, 
TICNTlY SPACS? UNCUT LUJPS. TEXTURE IS 
HARD 4 PESSLY. HARD - WEARING 4 EASY To 
CLEAN. IDEAL FOR. OFF ICES' AND \\\(M TRAFFIC 

areas. 



PLUSH'CUT'PILE : EVENLY CUT YARNS WITH 

minimal twist: extremely oorr, velvety 

TEXTURE. VACUUMING AND EZUTKlNTS APPEAR. 
AS DIFFERENT COLORS, DEPENDING AN LIOHT 
Conditions. ideal far formal rooms W/ 
uoht traffic. 



FRIEZE. 'CUT' pile : EVENLY cn Yarns WITH 
TIEHT TWIST- EXTREMELY SPFT, VELVETY 
TEXTURE. VACUUMING AND FOOTPRINTS AP¬ 
PEAR AS DIFFERENT colors, depending oN 
LlSHT CONDITIONS. IDEAL FOR. FORMALISMS 
WITH L16HT TRAFFIC, 



CUT AND LOOP ; COMB-INATION OF0OTH PLUSH 
AMP LEVEL - LOOP, HIDES D/pf fa/RlY WEIL- 

IPEAL FOR residential applications. 


WmWm 

srnef^fOf^ii 


INPaDR - Ol/TtXVK .* CUT, TIOHTLY TWlSTep 

Yarns that twist upon themselves. Text¬ 
ure IS KOUCH. HIDES DIRT EXTREMELY WELL 
AND IS NEARLY AS TOUCH AS LEVEL- LOOP, 
IDEAL FOR RESIDENTIAL APPLICATIONS. 


















































J. PAINT AND COATINGS ® @ @ @ 


1. General 

_ a. Paints and coatings: are liquids (the “vehicle”) with 

pigments in suspension, to protect and decorate 
building surfaces. 

_ b. Applications: brushed, rolled, sprayed 

_ c. Failures: 90% are due to either moisture problems 

or inadequate preparation of surface. 

_ d. Surface Preparation: 

_ (1) Wood: Sand if required; paint immediately. 

_ (2) Drywall: Let dry (0 to 7 days). If textured 

surface is required, prime prior to texturing. 

_ (3) Masonry and stucco: Wait for cure (28 

days). 

_ e. Qualities: 

_ (1) Thickness 

_ (a) Primers (and “undercoats”): to 1 

dry mills/coat. 

_ ( b ) Finish coats: 1 to IV 2 dry mills/coat. 

_ (2) Breathability: Allowing vapor passage to 

avoid deterioration of substrate and coat¬ 
ing. Required at (see p. 365): 

_ (a) Masonry and stucco: 25 perms 

_ ( b ) Wood: 15 perms 

_ (c) Metals: 0 perms 

_ f. Paint Surfaces: 

_ (1) Flat: Softens and distributes illumination 

evenly. Reduces visibility of substrate 
defects. Not easily cleaned. Usually used on 
ceilings. 

_ (2) Eggshell: Provides most of the advantages 

of gloss without glare. 

_ (3) Semigloss 

_ (4) Gloss: Reflects and can cause glare, but also 

provides smooth, easily cleanable, nonab- 
sorbtive surface. Increases visibility of sub¬ 
strate defects. 

_ g. Legal Restrictions: 

_ (1) Check state regulations on paints for use of 

volatile organic compounds (VOC), use of 
solvents, and hazardous waste problems. 

_ (2) Check fire department restrictions on 

spraying interiors after occupancy or during 
remodelling. 
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2. Material Types 

_ a. Water-repellent preservatives: For wood. 

_ b. Stains: Solid (opaque), semitransparent, or clear. 

_ c. Wood coatings: Varnish, shellac, lacquers. 

_ d. Wood primer-sealer: Designed to prevent bleeding 

through of wood resin contained in knots and pitch 
pockets, and to seal surface for other coatings. Usu¬ 
ally apply 2 coats to knots. Since primer-sealer is 
white, cannot be used on clear finishes. 

_ e. Latex primer: Best first coat over wallboard, plaster, 

and concrete. Adheres well to any surface except 
untreated wood. 

_ f. Alkyd primer: Used on raw wood. Latex “under¬ 
coats” can also be used. 

_ g. CMU filler: A special latex primer for reducing 

voids and to smooth surface on masonry. Does not 
waterproof. 

_ h. Latex paint: A synthetic, water-based coating, this is 

the most popular paint because it complies with 
most environmental requirements, is breathable, 
and cleans up with water. Use for almost all surfaces 
including primed (or undercoated) wood. Adheres 
to latex and flat oils. Avoid gloss oils and alkyds 
other than primers. Subdivided, as follows: 

_ (1) Polyvinyl acetate (PVA): Most commonly 

used. Provides 25+ perms. 

_ (2) Acrylic: Smoother, more elastic, more 

durable, often used as a primer. Provides 
less than 5 perms. 

_ i. Alkyd paint: A synthetic semisolvent-based coating, 

replacing the old oils. This seems to be going out of 
use due to environmental laws. Used for exterior 
metal surfaces. Not breathable. 

3. Paint Systems and Costs (30% M and 70% L) The fol¬ 
lowing was developed for the SW U.S. Add 10% for the rest 
of the country. 
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Comparison of Paint Finish Systems : ICI Paints 


Product Type 


Interior : (premium finishes) 

Latex Flat Wall Paint 
(GWB = 2 coats) 


Latex Eggshell Enamel 
(1 coat primer, 2 coats finish) 


Latex Semi-Gloss Enamel 
(1 coat primer, 2 coats finish) 


Latex Gloss Enamel 
(1 coat primer, 2 coats finish) 


Waterborne Semi-Gloss or 
Gloss Epoxy (2-component) 
(1 coat primer, 2 coats finish) 


Exterior : (premium finishes) 

Latex Heavy-Bodied Stain 
(Wood = 2 coats) 


Applied Cost 

per sq. ft Areas of Use 


Benefits 


304-350 

400-500 


404-500 


400-500 


700-850 


Any interior surface where a fiat 
appearance is desired. 


Where a slightly higher sheen is 
desired instead of a fiat. 


Kitchens, bathrooms, doors and 
trim, cabinets, etc., wherever a 
medium sheen is needed. 


Kitchens, bathrooms, doors and 
trim, cabinets, etc., wherever a 
high sheen is required. 


Any interior wall surface, metal, 
concrete block and wood. Ideal 
for hard usage areas in schools, 
hospitals, restaurants, public 
buildings and factories. 


Almost unlimited color selection, 
washable, lew odor, dries fast, 
excellent touch-up and coverage. 

Same as fiat, but more durable 
and scrubbable than a flat with 
greater moisture resistance; best 
quality eggshell enamels have 
good "block resistance". 

Same as flat, but another step up 
in durability, scrubbability and 
moisture resistance compared to 
a lower sheen product; best 
quality semi-gloss enamels have 
good "block resistance" 

Same as flat, but a high gloss 
product with maximum durability, 
scrubbability and moisture 
resistance when compared to a 
lower sheen product. 

Same as latex products, but 
provides maximum durability and 
highest performance in a hard, 
tough and stain-resistant finish. 


350 - 400 Exterior wood surfaces, especially Extensive color selection, water- 
fascias and soffits, where grain of repellent, mildew-resistant, lew 
the wood's natural texture is to be odor and guards against wood rot. 
highlighted. 


Liabilities 


Flats are considered washable but 
not scrubbable(like enamels). 


More scrubbable than a flat, but less 
durable than a higher sheen. 


Increased scrubbability over any 
lower sheen product, but not as 
durable as higher sheens. (Note: 
As sheens rise, hiding is reduced.) 


Highest degree of scrubbability, but 
lowest hiding. 


Dries for recoat overnight, but does 
not fully cure for 7 days. 


Not recommended for wood decks, 
floors, outdoor wood furniture, or 
brushed or abraded plywood 
surfaces. 
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Latex Heavy-Bodied Stain 
(Wood = 2 coats) 

354 - 404 

Exterior wood surfaces, especially 
fascias and soffits, where grain of 
the wood's natural texture is to be 
highlighted. 

Extensive color selection, water- 
repellent, mildew-resistant, low 
odor and guards against wood rot. 

Not recommended for wood decks, 
floors, outdoor wood furniture, or 
brushed or abraded plywood 
surfaces. 

Latex Flat Finish 

(1 coat primer, 2 coats finish) 

404-504 

Any exterior surface where a flat 
appearance is desired. 

Almost unlimited color selection, 
washable, low odor, drtes fast, 
excellent touch-up and coverage, 
can be applied over a variety of 
properly primed surfaces; fade, 
chalk and mildew resistant. 

Exterior flats do nrt tend to be as 
'self-cleaning' as enamels. 

Latex Satin Enamel 

(1 coat primer, 2 coats finish) 

404 - 504 

Where a slightly higher sheen is 
desired rather than a flat. 

Same as flat, but more durable 
than a flat with greater 'self¬ 
cleaning'attributes. Moisture, 
fade, chalk and mildew resistant. 

Easier to clean than a flat, but less 
durable than a higher sheen. 

Latex Semi-Gloss Enamel 
(1 coat primer, 2 coats finish) 

404-504 

Use wherever a medium sheen 
finish is desired. 

Same as flat, but another step up 
in moisture resistance and 
durability compared to a lower 
sheen product. Excellent fade, 
chalk and mildew resistance. 

Increased cleanability over any 
lower sheen product, but not as 
durable as higher sheens. 

Latex Gloss Enamel 
(1 coat primer, 2 coats finish) 

404-504 

Use wherever a high gloss finish 
is desired. 

Same as flat, but a high gloss Highest degree of cleanability and 

product with excellent durability, durability, but least amount of hide, 
moisture resistance, fade, chalk 
and mildew resistance, when 
compared to a lower sheen enamel. 

Aliphatic Urethane Gloss 
Enamel (2-component) 

(1 coat primer, 2 coats finish) 

704-854 

A high-performance, chemically- 
cured urethane enamel. 

Exceptional gloss and color 
retention, excellent abrasion and 
chemical resistance, wide color 
selection (including safety colors), 
excellent resistance to marring, 
chipping and scratching. 

Product cost is highest of any exterior 
enamel, but length of service is 
longest with highest UV protection. 
Has also been used as antkgraffiti 
coating. Best applied by a painting 
contractor with product experience. 

Power-washing 

84-124 

Exterior concrete and CMU 
surfaces. 

Best method for cleaning exterior 
surfaces prior to repainting. 

None. 
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1. Basic Color Schemes 


a. Triadic schemes. 
Made from any three 
hues that are equidis¬ 
tant on the color 
wheel. 


b. Analogous or 
related schemes. 
Consist of hues that 
are side by side. 


c. Monochromatic 
schemes. Use only 
one color (hue) in a 
range of values and 
intensities, coupled 
with neutral blacks 
or whites. 




o 

o 

o 

o 


o 


o 


o 

o 

o 


d. Complementary 
schemes. Use con¬ 
trast by drawing 
from exact opposites 
on the color wheel. 
Usually, one of the 
colors is dominant 
while the other is 
used as an accent. 
Usually vary the 
amount and bright¬ 
ness of contrasting 
colors. 


o ° o 
o o 


o 

° o O 


o 
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e. Split complemen¬ 
tary schemes. Con¬ 
sist of one hue and the 
two hues on each side 
of its compliment. 


f. Double complemen¬ 
tary schemes. Com¬ 
posed of two adjacent 
hues and their respec¬ 
tive hues, directly 
opposite on the color 
wheel. 



g. Many-hued schemes. 
Those with more than 
three hues. These usu¬ 
ally need a strong 
dose of one color as a 
base with added col¬ 
ors that are closely 
matched in value. 



o 



o 


2. Rules of Thumb 

_ a. Your dominant color should cover about 2 A of the 

room’s area. Equal areas of color are usually less 
pleasing. Typical areas to be covered by the main 
color are the walls, ceiling, and part of the floor. 

_ b. The next most important color usually is in the floor 

covering, the furniture, or the draperies. 

_ c. The accent colors act as the “spice” for the scheme. 

_ d. Study the proposed colors in the lighting conditions 

of where they will be used (natural light, type of 
artificial light). 

_ e. The larger the area, the brighter a color will seem. 

Usually duller tones are used for large areas. 
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f. Contrast is greater from light to dark than it is from 
hue to hue or dull to bright saturation. 

g. Colors that seem identical but are slightly different 
will seem more divergent when placed together. 

h. Bold, warm (red/orange) and dark colors will 
“advance.” These can be used to bring in end walls, 
to lower ceilings, or to create a feeling of closeness 
in a room. 

i. Cool (blue/green), dull and light colors “recede.” 
These can be used to heighten ceilings or to widen a 
room. 

j. Related colors tend to blend into “harmony.” 

k. From an economic point of view, dark colors absorb 
more light (and heat) and will require more lighting. 
Light colors reflect light, requiring less lighting. 

/. Colors will appear darker and more saturated when 
reflected from a glossy surface than when reflected 
from a matte surface. 

m. A color on a textured surface will appear darker 
than on a smooth surface. 

n. Bright colors increase in brilliance when increased 
in area, and pale colors fade when increased in area. 

o. Incandescent (warm) lighting normally adds a 
warming glow to colors. Under this light, consider 
“cooling” down or graying bright reds, oranges, or 
yellows. 

p. Low atmospheric lighting tends to gray down colors. 

q. Fluorescent lighting changes the hue of colors in 
varying ways depending on the type used. In some 
instances it will accent blue tones and make reds 
look colder. It may make many colors look harsher. 

r. Southern exposures will bring in warm tones of sun¬ 
light. 

s. Northern exposures will bring in cool light. 

t. Cool pale colors tend to promote relaxation and 
shorten the passing of time. Therefore, they are 
good for repetitive work. Warm bright colors tend 
to promote activity and heighten awareness of time. 
Therefore, they are better for entertainment and 
romantic settings 

u. Cool colors tend to make warm conditions more tol¬ 
erable. Warm colors do the same for cold conditions. 

v. Advancing colors (red-yellow) usually make objects 
larger. Receding colors (green-violet) usually make 
things look smaller. 
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3. Percent Liaht Reflected from Typical Walls and Ceilinas 


Class 

Surface 

Color 

% Light reflected 

Light 

Paint 

white 

81 



ivory 

79 



cream 

74 


Stone 

cream 

69 

Medium 

Paint 

buff 

63 



It. green 

63 



It. grey 

58 


Stone 

grey 

56 

Dark 

Paint 

tan 

48 



dk. grey 

26 



olive green 

17 



It. oak 

32 



mohogany 

8 


Cement 

natural 

25 


Brick 

red 

13 


4. Typical Reflectance % 


Commercial 

Ceiling 

80% 

Walls 

50% 

Floors 

20% 

Industrial 

Ceiling 

50% 

Walls 

50% 

Floor 

20% 

Classrooms 

Ceiling 

70-90% 

Walls 

40-60% 

Floor 

30-50% 

Desk top 

35-50% 

Blackboard 20% 


5. Surfaces: 

_ a. Specular: A smooth, shiny surface that casts a mir¬ 
rorlike image of the arriving light. 

_ b. Matte: A smooth, dull surface that emits an inar¬ 
ticulate shine. 

_ c. Diffuse: A rough, dull surface that widely scatters 

the arriving light. 
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A. TOILET PARTITIONS (4 




_ 1. Typical widths: 2'6",2'8",2'10" (most-used), and 3'0" 

_2. Typical depths: 

_ a. Open front: 2'6" to 4'0" 

_ b. Closed front (door): 4'6" to 4'9" 

_3. Typical doors: 1'8",1'10",2'0",2'4", and 2'6" 

_ 4. Typical pilasters: 3,4,5,6,8, or 10 inches 

_ 5. For HC-accessible, see pp. 512-514. 

Costs: $720 to $1080/each compartment 

Ceiling-mounted partitions, with plastic-laminate finish, are the 
least expensive. 
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3 . FIREPLACES (5 


1. Typical Opening Sizes (see drawings below): 


w 

H 

D 

S 

2' 

1.5' to 1.75' 

1.33'to 1.5' 


3' 

2' 

1.67' 

6/2" 

4' 

2.12' 

1.75' 

6" 

5' 

2.5' to 2.75' 

2' to 2.17' 

9" 

6' 

2.75' to 3' 

2.17' to 2.33' 

9" 


•w 



\ 

/ 


\ 

/ 

S—J 

—i» 

1 

1 


S-LEVATl^N 



PLAN 


_ 2. For energy conservation, provide: 

_ a. Outside combustion air ducted to firebox 

_ b. Glass doors 

_ c. Blower 

_ 3. Per ISC: 

_ a. Hearth extension to front must be 16" (or 20" if 

opening greater than 6 SF). 

_ b. Hearth extension to side must be 8" (or 12" if open¬ 
ing greater than 6 SF). 

_ c. Thickness of wall of firebox must be 10" brick (or 8" 

firebrick). 

_ d. Top of chimney must be 2' above any roof element 

within 10'. 

Costs: Fabricated metal: $600 to $1800 (75% M and 25% L) 
Masonry: $6000 to $18,000 
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C. GRAPHICS (m) (io 


1. General: Visual identification and direction by signage is 
very important for “wayfinding” to, between, around, in, and 
through buildings. Signage is enhanced by: 

_ a. Size 

_ b. Contrast 

_ c. Design of letter character 

and graphics. 

2. Road Signage: Can be roughly estimated as follows: 



5PE EP 

VIEWING 

SH&N'yze 

con gize 

HPM 

PITTANCE- 

ANGLE. 

ep* 

INCH Hr. 

15 

Vld 


& 


30 

3\d 


40 

5 

40 

4 30 l 

35° 


7 

45 

660' 


HO 


30 

545* 

30° 


s'4 

60 

610- d&o' 

20° 

150 

H V-2, 


3.Building Signage 

_ a. Site directional/warning signs should be: 

_ (1) 6' from curb 

_ (2) 7' from grade to bottom 

_ (3) 100-200' from intersections 

_ (4) 1 to 2.5 FT SQ 

_ b. Effective pedestrian viewing distance 20' to 155' 

_ c. Effective sign size: =40'/inch height (10' max. viewing 

distance per inch of height of sign). 

_ d. Effective letter size: =50'/inch height. 

_ e. As a rule, letters should constitute about 40% of sign 

and should not exceed 30 letters in width. 

_ f. Materials 

_ (1) Exterior 

_ (a) Building: fabricated aluminum, illu¬ 
minated plastic face, back-lighted, 
cast aluminum, applied letter, die- 
raised, engraved, and hot-stamped. 

_ ( b) Plaque and sign: cast bronze or 

aluminum, plastic/acrylic, stone, 
masonry, and wood. 
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_ (2) Interior 

_ (a) Permanent mounting: vinyl tape/ 

adhesive backing, silastic adhesive, 
or mechanical attachment. 

_ ( b ) Semipermanent: vinyl tape square 

on inserts. 

_ (c) Changeable: dual-lock mating fas¬ 
teners, magnets, magnetic tape or 
tracks. 

g. Mounting heights 



&XTE.RI0R Sl&NS INTjLgjOg; SI&N€> 


h. Accessibility signage per ADA required at: 

_ (1) Accessible parking, see p. 227. 

_ (2) Building entries (when accessible, not 

required when all are). 

_ (3) Accessible facilities, such as at rest rooms 

(when accessible, not required when all are). 

_ (4) ADA (ANSI) now requires both tactile and 

visual (with contrast) graphics. Graphics 
may be mounted on the push side of doors, 
on side (pull side) of doors (18"), or on near¬ 
est adjacent wall when no space is available 
by the door. Visual graphics (except for ele¬ 
vators) are to be mounted 3'-4" to 5-10" 
above floor (with to l%"-high characters) 
when viewed from up to 15'; 5'—10" to 10' AF 
(with 2"- to 2%"-high characters) when 
viewed from 15' to 21'; and 10' AF (with 3"- 
high characters + Witt, beyond 21') when 
viewed from greater than 21'. Tactile and 
braille graphics are to be mounted between 
4' and 5' AF (except for elevators). Tactile 
characters are to be Vs" to 2" high and braille 
'A" to Pictograms (of high contrast) are to 
have 6"-high backgrounds. 
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i Other common signs and symbols: 


m 

X 

IT 

♦EH 




INCASI 

OF 

FIRE 

\ss 

DO NOT USE 

ELEVATOR'S 

d$E 

STAIRS 

v>- 

<\ 

- -L 



f 



\ _/ 

eiouocicAL 

WAZARP 


5=====^ 

AUTHORIZED 

VEHICLES 

ONLY 


— 


■ ■ 


7 -^ 

HO 

PARKING 

ANYTIME 


RESERVED 

PARKINS 


VISITOR 

PARKING 

L ■ 


. 2 






RADtATlOisJ hush 

HA2ARO VOLTAfiff 

HAZAKC? 



e>T OP 



r 


FIRE. 

EXTINGUISHER 


f -Y 

P 

___/ 

PARKING 




■ ■■■■ 

inn 



f - 

+ 

— 

A 

V._✓ 

FIKe>T Alt’ 

EMERGENCY 

r 

phone 

- 

l© 

V_/ 


telephone 


TEXT 

TELEPHONE 


AGCSaWM-E 
FOR HEARING 
l 


VOLUME 

CONTROL 

TELEPHONE 


information 
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&MOKING 

PERMITTED 
-— 

/ 

.__ 

STAIRS 



^_ 


HO 6M0K1N6 


u 

ft* 

ZZT- 

ELEVATOR 



RE61ROOM6 



EXIT WAIKS 



WOMENS 

RD&TROOM 


Z' \ 



V- 

ME.N‘S 
REST ROOM 



TAXI STAND 


,_ 

escalator 


--—' 

A 


a 


+] 

-^_/ 

CAR RENTAL 

&US STOP 

AIRPORT 

I 1 ! 


n®5 

© ® 


oil 

TICKET 

INFORMATION 

CURRENCY 

EXCHANGE 


LOCKERS 

f ^ 

== *“ J 


© ' 

l*"“l 


t| 


r i 



LOST ANO 
FOUND 

ACCOMMODATION 

INFORMATION 

LOUNGE 

AS 


\4 


A 



^ , —_— 


_—* 


PRINKING- LITTER GOAT ROOM 

FOUNTAIN RECEPTACLE 






train luggage- 

station 


k 

O 

waiting 

ROOM 

11 


PlNlMG 

r \ 


Q 



Machine. 



cafe. 



e>AReeK. changing 

TABLE 
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_ D. FIREPROOFING © @ @ 


1. See p. 94 for requirements. 

2. Thicknesses (in inches) of fire resistance structural mate¬ 
rials will give hourly ratings, as follows: 


ITEM 

NON- COM&Uern&LE 

> ^ 

4 ui 

5! 

x v- 

ui 

V-CiX 

3 >u. 

4 

HOUR 

3 

HOUR 

HOUR 

i'4 

HCUR 

l 

HOUR. 

0 

HOUR 

STEEL., STRUCTURAL* 
UT. e> A. Joists 
STUPS 



Nore 

3 

ft-eus-y. 

&£& 

bioxe’X 



✓ 

•s 




COUC&&T&-, a>wMN& 
wAUfr 
e>iA&& 

rum 

PKt’CAOT C6HC.CO.. 

V/AU>5» 
e»LAC«» 
PLAN K^- 
lfeS 

e>-&" 

14“ 

&'/4“ 

I2« 

4 V 1 
SJfc" 

»“4«' 

TtVi-, 

1Z 11 

®" 

5" 

B« 

IO" 

7“ 

0 " 
5“ 

A 11 

IO" 

5“ 

4%“ 

48.“ 

3" 

7" 

&" 

♦y 

f%*!' 

3>*i" 

i» N 

4" 

sV 

£{*' 

am*- 


5 

s 

I! 

A 

s 

SRICK maaonkv wau®, 
VAULTS,4CBMES 
tt?SE Wot Ltt* 
THAU Vli SPAM 

b-&" 

A' 1 

A 11 

6" 

6“ 

b" 

<&“ 

4- n 

4" 





MASONS VMU-6 

d'eoue 

a" 

a 11 

s“ 

4" 





V40OP»6OtUMl4^ PU23R 
ROOF 
bBAMe^ FL0OF 
ROOF 
tku&&6&,fuor. 

ROOF 







a *8 

6>x& 

6* IO 

4* K G> 

a ns 



w«?p ipecK, fuoor 

ROOF 







3“+ I* 

!&“ -2 

> 

* 


* AT Z o' ASOVE Fu*3?, OPEN STEE.L STRUCTURE TOEfe NOT N£EP 


FUSE. PROTECTION. 


_ 3. Fire-resistive materials may be applied to structural mem¬ 
bers to protect from fire. Use the above table, as well as the 
following: 

_ a. Concrete: 1" = 2 hr. 2" to 3" «* 4 hr. 

_ b. Solid masonry: 2" - 1 hr., add l"/hr to 4" - 4 hr. 

_ c. Plaster: 1" - 1 hr., add 1 "/hr. 

_ d. Vermiculite (spray-on): 1” = 4 hr. 

_ e. Gypsum wallboard: 2 layers Zi" type “X” or 1 layer of 

%" type “X” - % to 1 hr. 

Costs: Spray-on vermiculite: $3.60/SF surface/inch thickness 
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4. Flame Spread: The IBC requires finish materials to resist 
the spread of fire as follows: 

_ a. Maximum flame-spread class 


INTERIOR FINISHES 


TABLE 803.4 


TABLE 803.4 

INTERIOR WALL AND CEILING FINISH REQUIREMENTS BY OCCUPANCY* 1 


GROUP 

SPRINKLERED 1 

UNSPRINKLERED 

Vertical exits and 
exit passageways*'* 5 

Exit access 
corridors and 
other exttways 

Rooms and 
enclosed 
spaces c 

Vertical exits and exit 
passageways 9 * 5 

Exit access 
corridors and 
other exitways 

Rooms and 
enclosed spaces 0 

A-l & A-2 

B 

B 

c 

A 

A d 

B* 

A-3 f , A-4, A-5 

B 

B 

c 

A 

A d 

C 

B,E,M, 

R-I.R-4 

B 

C 

c 

A 

B 

C 

F 

C 

C 

c 

B 

C 

C 

H 

B 

B 

Ce 

A 

A 

B 

1-1 

B 

C 

e 

A 

B 

B 

1-2 

B 

B 

B hj 

A 

A 

B 

1-3 

A 

At 

C 

A 

A 

B 

1-4 

B 

B 

Bit. 

A 

A 

B 

R-2 

C 

C 

(’ 

B 

B 

C 

R-3 

C 

C 

C 

C 

e 

C 

S 

c 

C 

c 

B 

B 

c 

U 

No restrictions 

No restrictions 


For SI: I inch = 25.4 mm, I square loot - U.0929 m J . 

a. Class C interior finish materials shall be permitted for wainseotling or paneling of not more than I ,(XM) square feel of applied surface area in ihe grade lobby 
where applied directly to a noncoinbustible base or over furring strips applied to a noncombuslible base and firebloeked as required by Section 803.3.1. 

b. In vertical exits of buildings less than three stories in height of other than Group I 3, Class li interior finish for unsprinklered buildings and Class C interi¬ 
or finish for sprinklcred buildings shall be permitted. 

c. Requirements for rooms and enclosed spaces shall be based upon spaces enclosed by partitions. Where a fire-resistance rating is required for structural ele¬ 
ments, the enclosing partitions shall extend from the floor to the ceiling. Partitions that do not comply with this shall be considered enclosing spaces and 
the rooms or spaces on both sides shall be considered one. In determining the applicable requirements for rooms and enclosed spaces, the specific occu¬ 
pancy thereof shall be the governing factor regardless of the group classification of the building or structure. 

d. Lobby areas in A-l, A-2 and A-3 occupancies shall not be less than Class B materials. 

e. Class C interior finish materials shall be permitted in places of assembly with an occupant load of 300 persons or less. 

f. For churches and places of worship, wood used for ornamental purposes, trusses, paneling or chancel furnishing shall be permitted. 

g. Class B material required where building exceeds two stories. 

it. Class C interior finish materials shall be permitted in administrative spaces. 

i. Class C interior finish materials shall be permitted in rooms with a capacity of four poisons or less. 

j. Class B materials shall be permitted as wainseotling extending not more titan 48 incites above lltc finished floor in exit access corridors. 

k. Finish materials' us provided for in other sections of this code. 

l. Applies when the vertical exits, exit passageways, exit access corridors or exit ways, or rooms and spaces are protected by a sprinkler system installed in 
accordance with Section 903.3.1.1 or Section 903J. 1.2. 


2000 INTERNATIONAL BUILDING CODE® 


b. Flame-spread classification 


Class 

Flame-spread index 

A 

Oto 25 

B 

26 to 75 

C 

76 to 200 
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_ c. Use finishes to meet above requirements 

_ (1) For woods, see p. 351. 

_ (2) Aluminum: 5 to 10 

_ (3) Masonry or Concrete: 0 

_ (4) Gypsum wallboard: 10 to 25 

_ (5) Carpet: 10 to 600 

_ (6) Mineral-fiber sound-absorbing panels: 

10 to 25 

_ (7) Vinyl tile: 10 to 50 

_ (8) Chemically treated wood fiberboard: 20 to 25 

_ (9) Certain intumescent paints can reduce the 

flame spread of combustible finishes to as 
low as class A. 

5. Floor Finishes: Most floor finishes present little if any haz¬ 
ard due to flame spread. Carpet is the exception. 

_ Types: 

Class I (radiant flux of 0.45 W/cm 2 or more) more 
resistant to flame spread. This is usually of a low pile 
and/or natural fiber. 

Class II (radiant flux of 0.22 W/cm 2 ) less resistant. 
This is usually of a high pile and/or synthetic fiber. 
Sprinklers can allow Class II where I is required. 

6. Trim and Decorations on Walls and Ceilings: 

_ Must be at least Class C. 

_ Limited to 10% of area (except sprinklered audito¬ 
riums may be up to 50%). 

_ At Group 1-3 occupancies, only noncombustible 

materials allowed. 

_ At Groups A, E, I, R-l, and R-2 dormitories, 

only flame-resistant or noncombustible materials 
allowed. 

7. See p. 342 for fire-retardant-treated wood. 

6.Fire Loads: Interior building contents that will start or con¬ 
tribute to a fire. These typically range from 10 (residential) 
to 50 PSF (office), and can be reduced 80% to 90% by use 
of metal storage containers for paper. 


448 The Architect’s Portable Handbook 


9. 


Fire Extinguishers: 


FIRE CLASSIFICATIONS FOR 
SELECTING FIRE EXTINGUISHERS 


LETTER 

SYMBol 

ANC? 

COLOR 


PICTURE. 

SYMBOL 


DESCRIPTION 


GKE.EN 


A 



CLA5S> A: FIRES* INVOLVING OFPlN- 
ARt' coFie>ue*ne*tE. materials 
CWH A5> WCOP, CLOTH, PAPER, 
Kl/B«’£R, ANP MANY PLASTICS’) 
that KEOUIFE THE HEAT A&SORE*- 
JMO (i COOLING) EFFECTS’ OF WATER 
OP WATER AOUiTlOM^ OK THE 
COATING EFFECT'S CT66PTA1H 
tPKrf CHEMICALS THAT RETAIKP 
ccMe>ue>Ti<9N. 


RED 




ClAe>£0> 5 Flf?EA» INVOLVING FLAM¬ 
MABLE OK CDM&UCTl6L& LiQUIPe- 
FLAMMA&LE CAGE'S’, CREA^Ee?AHP 
AiMHAK MATERIALS THAT ARE 
»E^T EXTINGUIAHEP @>Y EXCLUD¬ 
ING AIR (OXTGEN), INHIBITING 1HE 
RELEASE OFCOMeUGTlB’LE VAPOR| 
OK INTERRUPTING THE COM&OGTION 
CHAW REACTION. 


B-LUE 





CiA^C' FIK&G INNtJLVING ENEK- 
GIZEP ELECTRICAL equipment 
WHERE SAFETY TO THE OPERAT¬ 
OR REQUIRED’ THE UCE OF ELECT¬ 
RICALLY N£>NCONtX)CTlVE EX TING' 
UI<S>HING AGENTS’. 


YELLOW! 


CLAA*GPj F/KE$> INVOLVING-COM- 
e>UATietE METAlXb (A*UCH AG> MAG' 
HELIUM, TITANIUM, ZIRCONIUM, 
^PIUM, LITHIUM, ANP RDTA'p- 
‘S’lUM). 
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Costs: Fire extinguishers: $115 to $300/ea 
Cabinet: $120/ea 

Hose & Cabinet: $265/ea 

_ 10. Keep in mind that for life safety, smoke control in buildings 

is as important as suppressing fire. 


E. OPERABLE PARTITIONS Cs 


_ 1. Types 


(■AAA 


CENTER TRACK 


ERIE. TtW.K 




STACKING WITH 
WCKINGflJCKEV 6>WITCHE.6 


_ 2. Data 

_ (1) Stack widths: 

_ (a) Accordion: 5" to 12" 

_ (b) Panels: 15" to 17" 

_ (2) Stack depths: Usually 'A to 'A of opened width. 

_ (3) Panels usually 48" wide. 

_ (4) Acoustic: STC 43 to 54 available. 

_ (5) Flame spread: Class I available. 

Costs: 

_ Folding, acoustical, vinyl, wood-framed: $75.00 to 

$100/SF (70% M and 30% L) Variation: -35% to 
+50%. 

_ Accordion, vinyl-faced: $18.50 to $43.80/SF, Variation: 

± 20 % 


_ F. BATHROOM ACCESSORIES 


Costs given are for average quality. For better finishes (i.e., brass), 
add 75% to 100%: 

_ Mirrors $35/SF (90% M and 10% L) 

variation of ±25% 

_ Misc. small items $20 to $35/ea. (double, if 

(holders, hooks, etc.) recessed) 

_ Bars 

Grab $40 to $55/ea. 

Towel $20 to $35/ea. 

_ Medicine cabinets $95-$120/ea. 

_ Tissue dispensers $35 to $70/ea. 

_ Towel dispensers $155 to $480/ea. (increase by 

2 Vi times if waste receptacle 
included) 
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<3. 5UN CONTROL (4 


1. Types 

_ a. Horizontal (usually best on south side) 






AM6- W/ 

vepit reziu*? 



^KEE-Nl 



AVJhl 1146- 



\AOt2. laN&Lt 


b. Vertical (usually best on east and west sides) 



c. Egg crates (best for hot climates) 



Costs: 


Canvas awnings 


Cloth patio covers 
Metal carports 


$57.50 to $130/SF (70% M and 30% L) 
Variation -75%, +300% 

Other types of awnings (alum., 
painted, plastic, or security) are 134 
to 214 times. 

=$4.80/SF (55% M and 45% L) 

$ee p. 265. 
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A. RESIDENTIAL KITCHENS 

(See p. 193, Energy Conservation) 
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3. RESIDENTIAL LAUNDRIES @ 



Z7" Wx2^'P< 9<2>“H 
^ $800 


k- ^ 1 




O O 


=0 

X 



„ t 

I 








TOP UPAE? 


O. 


£ 


i-y to 
zW 


FRONT UOAP 


AC?A / AN£1 ACC E.5&I&LE 

laundry equipment 


_C. MISCELLANEOUS COSTS 


(Also see item F, p. 621) 

1. Bank Counter 

2. Barber 

Total equipment 

3. Cash Register 

4. Commercial Kitchen Equip. 

By area: 

(Office) 

(Restaurant) 

(Hospital) 

By item: 

Work tables 
Serving fixtures 
Walk-ins 


$2400 to $6000/teller 

$3000 to $6360/chair 
$660 to $3000/reg. 


$82 to $130/SF kit. 

$100 to $165/SF kit. 

$100 to $180/SF kit. 

$320 to $400/LF 

$330 to $425/LF 

$60 to $200/SF (add $1900/ 

ton for refrigeration 

machinery) 
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Miscellaneous Costs 457 


5. Library 

Shelf 
Carrels 
Card catalog 

6. Religious 

Wood altar 

For pews, see p. 462 

7. Safes 

(Office) 4 hr., 

1.5' x 1.5 x 1.5 
(Jeweler’s) 63" x 25" x 18" 

8. Theater 

Total equipment 
For seating, see p. 462 

9. Trash Compactors 

10. Vacuum Cleaning Equip. 


$150/LF (-20%, +10%) 
$825 to $960/ea. 
$120/tray 

$1800 to $10800 


$4200 

$25000 

$100 to $600/SF stage 

$11400 to $12800/ea. 

$930 for first 1200 SF; then 
add $0.15/SF 
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_ A. GENERAL COSTS © © © © @ @ 


Costs for furniture and interior objects will vary more than any 
other item for buildings. These can vary as much as -75% to 
+500% (or more). Costs given in this part are a reasonable middle 
value and are “for trade” wholesale. Retail can go up 60% to 
175%. Cost location factors given in App. B, line V will not apply as 
furniture costs are rather uniform across country. 


_ 3 . MISCELLANEOUS OBJECTS 


1. Artwork (photos, reproductions, etc.): $60 to $330/ea. 

2. Ash urns and trash receptacles: $120 to $380/ea. 

3. Blinds: $5.50 to $8.80/SF 

. 4. Draperies: $25 to $135/SY 

. 5. Rugs and mats: $25 to $130/SY 

6. Interior plants: see p. 267. For artificial silk plants, double 
or triple landscape costs. 

7. Fabrics: Association of Contract Textiles (ACT) recom¬ 
mendations. Check for following: 

_ a. Flammability 

Upholstery must pass CAL 117. 

Drapery must pass NFPA 701. 

Wall covering must pass ASTM 
E-84. 

b. Abrasion resistance 



a 

15,000 
double rubs 


A Test 

30,000 Wyzenbeek 

double rubs 40,000 Martindale 


c. Colorfastness to light 

Must pass Class 4 (40 to 60 hours 
exposure for UV). 

d. Colorfastness to wet and dry 
crocking (Pigment colorfastness 
in fabric). See p. 428 for color. 
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462 The Architect’s Portable Handbook 


_ e. Miscellaneous other physical properties 


JL 


_ (1) Brush pill test: measures 

tendency for ends of a 
fiber to mat into fuzz balls. 

_ (2) Yard/seam slippage test: 

establishes fabric’s likeliness 
to pull apart at seams. Must pass 25 lbs for 
upholstery and 15 lbs on drapery. 

_ (3) Breaking/tensile strength test: evaluates 

fabric’s breaking or tearing. Must pass: 
Upholstery 50 lbs 

Panel fabrics 35 lbs 

Drapery over 6 oz 25 lbs 

under 6 oz 15 lbs 


_C. FURNITURE 


(Also see Item F, p. 621) 


1. Miscellaneous 

_ a. Theater 

_ b. Church Pews 

_ c. Dormitory 

_ d. Hospital Beds 

_ e. Hotel 

_ f. Multiple Seating 

Classroom 
Lecture Hall 
Auditorium 


$155 to $295/seat 
$85 to $145/seat 
$2520 to $4680/student 
$1090 to $1770/bed 
$1980 to $10360/room 

$85 to $155/seat 
$165 to $480/seat 
$130 to $265/seat 



Furniture 
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2. Liv'ina/Waitma 

Note: Desirable conversation area is a 10' diameter. 
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3 . Bedroom/Gueetroom 



^ l&o 


8EP E>IZ&& 

w 

L 

KiKJtr 

1Z 

84- 

aueeM 

60 

82 

00U&L& 

54- 

BZ 

5W<SC£ 

3^ 

&Z 

PAY BEP 

30 

75 

CKI& 

30 

53 


OoVT' KP 4 : $600 to T/zoo/ba 

C ynx-ftf/ST? C.taA <+*-**^ 

5/00 +0 ^'lA-oD J r J XA) 
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4. Pinina/Conference 
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6. Office 
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WORKSTATION 
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_A. ROOF STRUCTURE ASSEMBLIES © 

_ 1. Use the tables on pp. 478-481 to help select a roof struc¬ 
ture assembly. See p. 373 for roof coverings. Cross-sections 
on each table illustrate various assemblies, with depth of 
assembly in inches. Columns bearing the following num¬ 
bers on each table show: 

_ 2. Standard member sizes in inches 

_ 5. Dead \oads in pounds per square foot 

_ 4. Suitable live load range in pounds per square foot 

_ 5. Span range in feet 

_ 6. Typical bay size in square feet 

_ 7. Suitable for inclined roofs: 

Y = yes 
N = no 

_ 6. Service plenum notes 

Between structural members 
Under structure 

_ 9. U value (without insulation) 

_ 10. Acoustical: Comparative resistance to sound transmission: 

Impact E = Excellent F = Fair 

Airborne G = Good P = Poor 

_ 11. Fire rating in hours 

_ 12. Construction type classification by code (ISC) 

_ 13. Total costs in $/SF of roof area 
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3 . FLOOR STRUCTURE ASSEMBLIES @ 


1. Use the tables on pp. 484-487 to help select a floor struc¬ 
ture assembly. Cross-sections on each table illustrate vari¬ 
ous assemblies, with depth of assembly in inches. Columns 
bearing the following numbers on each table show: 

2. Standard member sizes in inches 

3. Dead loads in pound per square foot 

4. Suitable live load range in pounds per square foot 

5. Span range in feet 

6. Typical bay size 

7. Service plenum notes 

Between structural members 
Under structure 

8>. Acoustical: Comparative resistance to sound trans¬ 
mission: 

Impact E = Excellent F = Fair 

Airborne G = Good P = Poor 

9. Fire-re sistive ratings, in hours, per code and Under¬ 
writers: 

10. Construction type classification by code (IBC) 

11. Total costs in $/SF of floor area 
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C. WALLS ( 5 


1. Use the tables on pp. 490-491 to help select a wall assem¬ 
bly. See Part 9 for finishes. Cross-sections on each table illus¬ 
trate various assemblies; columns bearing the following 
numbers show: 

2. Overall thickness in nominal inches 

3. Weight in pounds per square foot 

4. Vertical span range for unsupported height in feet 

5. Heat transmission coefficient U value in BTU/hr/SF/°F 
(see p. 368) 

6. Resistance to airborne sound transmission (see p. 211) 

7. Fire resistance rating in hours (see pp. 94 and 445) 

b. I BC construction type (see p. 93) 

9. Costs in $/SF of wall surface (one side). Wall finishes 
(paint, etc.) are not included. 
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A. ELEVATORS (13) (ie 


Per A.D.A. one elevator is required in any building more than 
3 stories high or with more than 3000 SF of area on each floor. 

1. Hydraulic: The least expensive and slower type. They are 
moved up and down by a piston. This type is generally used 
in low-rise buildings (2 to 4 stories) in which it is not neces¬ 
sary to move large numbers of people quickly. 




PLAN 


£€jLTI0N 


Costs: 

Passenger elevators 


Hydraulic freight 
elevators 


$61,200 (50 fpm, 2000 lbs) to $76,800 
(150 fpm, 3000 lbs) per shaft. 3 stops, 

3 openings. Add: 50 fpm/stop = +$4200; 
500 lb/stop = +$4200; stop = +$6300; 
custom interior = +$6000. 

$68,100 (50 fpm, 3000 lbs) to 
$103,300 (150 fpm, 6000 lbs). 
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2. Traction Elevators: Traction elevators hang on a counter- 
weighted cable and are driven by a traction machine that 
pulls the cable up and down. They operate smoothly at fast 
speeds and have no limits. Typically, penthouse floor area 
equals twice the shaft area. A machine room is located 
either next to the penthouse or on any floor next to the 
shaft. The shafts, penthouse, pit, and landings are all major 
special components in the building and often comprise 
more than 10% of its costs. 


MACH. 

KCOH 


MAW. 


Pit i£ii 


ACTION 





PLAN 


5E4TION 











































































Elevators 501 


Costs: 

Passenger elevators/shaft $79,200 (50 fpm, 2000 lbs) to 

$152,400 (300 fpm, 4000 lbs) for 
6 stops, 6 openings. Add: stop = 
+$4800; 50 fpm/stop = +$2400; 

500 lb/stop = +$2400; opening per 
stop = +$5400; custom interior = 
+$5760. 

Freight elevators $120,000 (50 fpm, 3500 lbs) to 

(2 stops)/shaft $141,600 (200 fpm, 5000 lbs). 

_ 3. Elevator Rules of Thumb 

_ a. Commercial 

_ (1) One passenger elevator for each 30,000 SF 

of net floor area. 

_ (2) One service elevator for each 300,000 SF of 

net floor area. 

_ (3) Lobby width of 10' minimum. 

_ (4) Banks of elevators should consist of 4 or 

fewer cars so that people can respond easily 
to the arrival of an elevator. 

_ (5) In high buildings, the elevator system is bro¬ 
ken down into zones serving groups of 
floors, typically 10 to 15 floors. Elevators 
that serve the upper zones express from the 
lobby to the beginning of the upper zone. 
The elevators that serve the lower zones 
terminate with a machine room above the 
highest floor served. 

_ (6) Very tall buildings have sky lobbies served 

by express elevators. People arriving in the 
lobby take an express elevator to the appro¬ 
priate sky lobby where they get off the 
express elevator and wait for the local ele¬ 
vator system. 

_ (7) Lay out so that maximum walk to an eleva¬ 
tor does not exceed 200'. 

_ (8) Per ADA, accessible elevators are required 

at shopping centers and offices of health 
care providers. Elevators are not required in 
facilities that are less than 3 stories or less 
than 3000 SF per floor. But, if elevators are 
provided, at least one will be accessible (see 
p. 502). 
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b. Residential 

_ (1) In hotels and large apartment buildings, 

plan on one elevator for every 70 to 100 
units. 

_ (2) In a 3- to 4-story building, it is possible to 

walk up if the elevator is broken, so one 
hydraulic elevator may be acceptable. 

_ (3) In the 5- to 6-story range, two elevators are 

necessary. These will be either hydraulic 
(slow) or traction (better). 

_ (4) In the 7- to 12-story range, two traction ele¬ 
vators are needed. 

_ (5) Above 12 stories, two to three traction ele¬ 
vators are needed. 

_ (6) Very tall buildings will require commercial- 

type applications. 

_ (7) Plan adequate space and seating at lobby 

and hallways. 

c. Where elevators are provided in buildings of 4 sto¬ 
ries or more, at least one must accommodate an 

ambulance stretcher. 

d. ADA-accessible elevators (see item 8, p. 501): 
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LIMITEP U6E. / LIMITEP APPLICATION 



















































NOTE 


i 





















: 








t ! i 


























































































.j 



















i 

_ 




.. 



i 

. 








f.. 








... 



."i 

. 

I 

















— 

. 






































....... 



.. 















...,. . 








. .. J. 





1 

i 




J 

..«4 

.,.,J 


















1 















*.... 





... 


















. 


. 




















. 










.. 


































































... 

. .... 


















1 





























s 

1 
















i | 















I I 

.i. 1.. i 






















. 





























































































































































































































3 . ESCALATORS 


Escalators require 'A the floor area of elevators to deliver the 
same passenger loads, need not have pits or penthouses, and 
can traverse tall floor-to-floor heights. But above 2 levels, rid¬ 
ers prefer elevators. 



NORMAL V/IPTH 


i h 



NORMAL WlPTI-l 


32. 


II 


46“ 


OVERALL WIPTH 


4 


I 


5- 4 ,k 


Typically, ceiling-to-floor heights are 4' due to underside 
machinery at each end. Risers are 8" and step slopes are 30°. 


Costs: 

Escalator costs range from $106,500 for 12' rise, 32'' width, to 
$167,400 for 25' rise, 48" width. For glass side enclosure add 
$13,800 to $16,200. 
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Rules of Thumb 

1. All escalators rise at a 30-degree angle. 

2. There needs to be a minimum of 10' clear at top and bottom landings. 

3. Provide beams at top and bottom for the escalator’s internal truss 
structure to sit on. 

4. The escalator will require lighting that does not produce any distort¬ 
ing shadows that could cause safety problems. 

5. Escalators need to be laid out with a crowded flow of people in mind. 
Crossover points where people will run into each other must be 
avoided. 

6. Current trends in the design of retail space use the escalators as a 
dramatic and dynamic focal feature of open atrium spaces. 

7. Because escalators create open holes through building floor assem¬ 
blies, special smoke and fire protection provisions are necessary. 
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_A. THE PLUMBING SYSTEM 

( b) (T) (?) @ ( 5 ) (27) (32) (34) (35) 

See p. 259 for exterior utilities. 

See p. 512 thru 514 for toilet rms. 

See p. 526 for fixture count 2009 IPC and p. 533 for UPC. 


gugj 


The following systems need to be considered: 

_ 1. Fixture count by code 

_ 2. Water supply (p. 516) 

_ 3. Plumbing fixtures (p. 517) 

_4. Sanitary sewer (p. 518) 

_ 5. Rain water/storm sewer 

(P-519) 

_ 6. Fire protection (p. 521) 

_ 7. Landscape irrigation 

(p.525) 

_ 8. Gas (p.525) 

_ 9. Other specialties 

(process, etc.) 
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Costs: As a rough rule of thumb, estimate $1250 to $2000/fixture 
(50% M and 50% L) for all plumbing within the building. 
Assume 30% for fixtures and 70% for lines. Also, of the 
lines, assume 40% for waste and 60% for supply. For more 
specifics on fixtures, only: 


Residential 


Fixture 

Low 

Medium 

High 

Commercial 

WC 

$200 

$550 

$935 

$110 to $330 

Lavatories 

$150 

$280 

$500 

same 

Tub/shower 

$500 

$750 

$2000 


Urinals 

Kitchen sinks 

$200 

$500 

$800 

$275 to $660 


Initial cost is typically only a portion of projected life cycle costs. In 
commercial buildings a fixture’s cost is usually no more than the cost to 
maintain it for a few months, so any fixtures that reduce maintenance 
cost usually pay for themselves quickly. When renovating existing build¬ 
ings, all old piping should be thoroughly cleaned or replaced. 

_ 1. Fixtures Required by Code 

Presently, two plumbing codes rule: the International 
Plumbing Code (IPC; usually associated with the IBC build¬ 
ing code) and the Uniform Plumbing Code. You will need 
to know which code governs to determine your required 
fixture count. 

_ a. IPC Requirements: 

_ (1) See p. 526 for fixture count table. 

_ (2) Urinals may be substituted for water closets 

up to 67%. 

_ (3) Number of users based on occupant load by 

the IBC. Usually this will be split 50% for 
each sex. 

_ (4) Separate toilets for each sex are not required 

for private facilities or where occupant load 
is less than 15. Can use a unisex toilet. 

_ (5) The IBC requires an extra unisex toilet at 

assembly and mercantile occupancies when 
the combined fixture count is 6 or more 
water closets. 

_ (6) Toilets for public must be within 500' (300' in 

malls) and not more than 1 story above or 
below. 
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b. 


_ (7) Toilets for employees must be within 500' 

(300' from tenant space) and not more than 
1 story above or below. 

_ (8) The IBC does not allow toilet rooms to 

open directly to food service kitchens. 

UPC requirements: 

_ (1) See p. 533 for fixture count table. 

_ (2) The number of users is based on occupant 

load determined by the building code and is 
split 50% for each sex, except in residences 
and where occupant load is 10 or less (in 
which a single-user toilet may be used). 

_ (3) Toilet rooms must be no more than 1 story 

away. 

_ (4) Toilet rooms used in private offices do not 

count toward the number required. 

_ (5) Business and mercantile occupancies: 

_ (a) A single-user toilet may be used 

when area is not more than 1500 
SF. 


_ ( 6 ) 

_ (7) 


_ ( b ) Customer and employee toilets 

may be combined but must use 
count that is highest in each type. 
_ (c) For stores, toilet rooms for cus¬ 
tomers cannot be more than 500' 
away. But at stores of 150 SF or less, 
employee toilets cannot be more 
than 300' away. 

Food service establishments: When occu¬ 
pant load is 100 or more, must have sepa¬ 
rate toilet rooms for customers and em¬ 
ployees. 

Water conservation required as follows: 


Water closets: 

Urinals: 

Lavatories: 

Kitchen sinks: 
Shower heads: 


1.6 gal/flush, max. 

1.0 gal/flush, max. 

2.2 gal/min, max. (or not 
more than '/ gal per use). 
2.2 gal/min, max. 

2.5 gal/min, max. 


2. Water Supply 

There are four kinds of water demand: occupancy, special 
loads, climate control, and fire protection. The water supply 
is under pressure, so there is flexibility in layout of the water 
main to the building. In warm climates the water meter can 
be outside, but in cold climates it must be in a heated space. 
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For small buildings allow a space of 20" W x 12"D x 10"H. 
After entering the building the water divides into a hot- and 
cold-water distribution system at the hot water heater. For 
small buildings allow for a gas heater a space 3' sq. dia. x 
60"H and for electric heaters, 24" dia. x 53"H. Where bath¬ 
rooms are spread far apart, consideration should be given to 
multiple hot water heaters or circulated hot water. Provide 
30" x 30" space in front of appliances for maintenance. 

Costs: Residential: $660 to $1980/ea. 

Commercial: $1980 to $3960/ea. (80% M and 20% L). 

Electric is cheaper for small buildings but high for large 
buildings. 

_ If the water is “hard” (heavy concentration of calcium ions), 

a water softener may be needed. Provide 18" dia. x 42" H 
space. 

Costs: =$890 

_ If water is obtained from a private well, a pump is needed. If 

the well is deep, the pump is usually at the bottom of the 
well. For this case provide space for a pressure tank that is 
20" dia. x 64"H. If the well is shallow (20' to 25' deep) the 
pump may be provided inside the building. Space for pump 
and tank should be 36"W x 20"D x 64"H. 

Costs: $185 to $265 per LF of well shaft 

_ Water supply pipes are usually copper or plastic and range 

from W to 2" for small buildings, but 2 V 2 " to 6" for larger 
buildings or higher-water-use buildings. Hot and cold pipes 
are usually laid out parallel. Piping should be kept out of 
exterior walls in cold climates to prevent winter freeze-ups. 
The cost of insulation is usually quickly returned by savings 
in reduced heat loss. As the pipe diameter increases, this 
becomes more so due to greater volume and surface area. 

_ The city water pressure will push water up 2 or 3 stories. 

Buildings taller than this will need a surge tank and water 
pressure pumps. This equipment takes approximately 100 to 
200 SF of space. 

Costs: $6000 to $24,000 

_ 3. Plumbing Fixtures 

The men’s and women’s restrooms need to be laid out to 
determine their size and location in the building. Economi¬ 
cal solutions are shared plumbing walls (toilet rooms back 
to back) and for multistory buildings, stacked layouts. 
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_ In cold climates, chases for plumbing lines should not be on 

exterior walls, or if so, should be built in from exterior wall 
insulation. 

_ Public buildings should have one janitor sink per 100 occu¬ 
pants, on each floor. 

Costs: See p. 515. 


FVTOKE 


_4. Sanitary Sewer 

Sewage flow is usually considered to be 95% of supply water 
flow. Horizontal runs of drainage piping are difficult to 
achieve inside the building. Pipe pitches should be at least 
'/"/ft. Straight runs should not exceed 100' for metal (or 30' for 
plastic) piping. Cleanouts should be located at every direction 
change exceeding 45°, and every 50' to 100'. The best arrange¬ 
ment is to bring the plumbing straight down (often along a col¬ 
umn) and make connections horizontally under the building. 
Piping should not pass within 2 vertical feet above any elec¬ 
trical service unless contained in secondary piping. 

_ The sanitary drainage system collects waste water from the 

plumbing fixtures, which flows by gravity 
down through the building and out into 
the city sewer. Because of the slope 
requirement, long horizontal runs of drain¬ 
age pipe will run out of ceiling space to fit 
in. Ideally, sanitary drainage pipes (called 
plumbing stacks) should run vertically 
down through the building collecting 
short branch lines from stacked bath¬ 
rooms. A 4" stack can serve approx. 50 
WCs and accompanying lavatories. A 6" 
stack can serve approximately 150 WCs and lavatories. Pipes are 
typically of cast iron or plastic (ABS). Each fixture is drained 
through a “P” trap with a water seal. This, and venting the system 
to the roof keeps sewer gases from entering the building. 

_The building drain runs horizontally under the building col¬ 
lecting waste water from multiple vertical stacks. A 4" to 6" 
pipe requires a minimum slope of 1%, and an 8" pipe 
requires a minimum slope of 14 %. The lowest (or basement) 
floor elevation needs to be set higher than the rim elevation 
of the next upsteam manhole of the sewer main. If the build¬ 
ing drain is below the sewer main, an automatic under¬ 
ground ejector pump is needed. 

_ At sites where city sewer mains do not exist, a septic system 

will be needed. The size and configuration of private disposal 
systems vary widely depending on soil conditions, topography, 
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local laws, and the regulated capacity of the system. The most 
common type includes a septic tank (usually 1000 to 1500 gal¬ 
lons) and a disposal field of open-joint pipe below the ground 
which should slope Me to %"/ft (max.). Soil saturation at the 
wettest time of the year determines final design. The lowest 
part of pipe trench must lie above the highest water table 
level. As a starting point, allow an area of nearly level ground 
40' x 80' with short side against building. No part of this area 
may be closer than 100' to a well, pond, lake, stream, or river, 
or 8' from a building. Both tank and field are best located in 
grassy open areas, and not under parking or drives where 
heavy loads could compact the soil above. Also see p. 252. 

_ Water reclaimed ( graywater ) from certain plumbing fixtures 

as well as runoff from roofs, parking areas, and driveways 
may be reused after minor treatment, in fire sprinklers, for 
toilet flushing, in numerous industrial operations, as well as 
for landscape irrigation. 

Costs: $13,800 

_ Solid waste is often handled by a compactor for larger build¬ 
ings. A compactor room of 60 SF is sufficient for a small 
apartment building; 150 to 200 SF for a larger building; and 
much larger for industrial. If a chute is used, plan on 15" to 30" 
diameter, with 24" a typical dimension. Grease interceptors 
are required for restaurants, cafeterias, and auto repair shops. 

Costs: See p. 457. 

_5. Rainwater/Storm 5ewer 

The rainwater that falls on the roof and the grounds of a 
building needs to be collected and channeled into the city 
storm drain system. If there is none, the site is drained to the 
street or to retention basins (if required). See page 239. 

_ The roof slope must be arranged to channel water to drain 

points, where drainage pipes can carry the water down 
through the building and out into the storm drainage system 
(or sheet-drained on to the site). 

_ The storm drainage water is kept separate from the sanitary 

drainage water so the sewage treatment system will not 
become overloaded in a rain. The following guidelines can 
be used in planning a storm drainage system: 

_ a. "Flat” roofs need a minimum slope of 2%. 

_ b. Except for small roof areas there should be more 

than one drain point on a roof area. 

_ c. Roof drain leaders are best located near exterior walls 

or interior columns, not at midspans of the structures. 
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d. Backup drains or scuppers should be provided in 
case main drains become clogged. These should be 
4" up slope or 2" above drain. For small buildings, 
scuppers at exterior walls may be used. 

e. At sloped roofs, water may shed off the edge, or to 
avoid this, roof gutter and downspouts may be used. 
Downspouts typically range from 3" to 6" in 1" incre¬ 
ments. Common provision for average rain condi¬ 
tions is 1 square inch of cross section for each 150 SF 
of roof area. Where parapets are long or tall, include 
A of their surface area to catch driving rain from one 
direction. Estimate area of sloped roofs as follows: 


Pitch 

Factor 

Level to 37ft 

1.00 

4" to 5"/ft 

1.05 

6" to 8"/ft 

1.10 

9" to 117ft 

1.20 

12"/ft 

1.30 

Horizontal storm drain pipes have a minimum slope 

of 1 %. The best strategy is 

to route them vertically 

down through the building, with a minimum of hor- 

izontal lines. 


For estimating drain lines and downspouts: 


SF roof per 

Intensity, inch/hr. 

sq. in, downspout 

(see App. B, item J) 

or drain 

2 

600 

3 

400 

4 

300 

5 

240 

6 

200 

7 

175 

8 

150 

9 

130 

10 

120 

11 

110 


h. Gutters: Depth should be between A to % the width 
but should be deeper where pitches exceed /"/ LF. 
Minimum pitch should be Me'VLF. Widths usually 
range from 4" to 8". Long runs should have expan¬ 
sion joints at 60' max. (at pitch peaks). 
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_ i. Leaders or downspouts: Every roof plane should 

have at least two in case one is blocked, and each 
one should have a sectional area of at least 1 sq in 
per 100 SF of roof (7 sq in min.). They should be 20' 
to 50' apart. 

Costs: $145 to $300/roof drain (for gutter and downspouts, 
assume 'h to 2 A cost) 


EXAMPLE.: 

Figure- f too? tpftAMA&e. 
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6. Fire Protection 

(See p. 261 for fire hydrants) 

_ u. A sprinkler system is the most effec¬ 
tive way to provide fire safety. 
Research indicates sprinklers will 
extinguish or contain 95% of fires 
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that start. Water supply and pressure are critical. At 
a minimum, should have 1-hour water supply. 

_ (1) The IBC requires sprinklers at certain 

occupancies (see p. 94). Also see item I in 
App. A. 

_ (2) Sprinkler spacing (maximum coverage per 

sprinkler): 

_ Light hazard (Class I) 

200 SF for smooth ceiling and beam- 
and-girder construction 
225 SF if hydraulically calculated for 
smooth ceiling, as above 
130 SF for open wood joists 
168 SF for all other types of construc¬ 
tion 

At both sides of a fire barrier (hori¬ 
zontal exit adjacent to egress door¬ 
ways). See p. 92. Also, accessible 
roofs require one outlet. 

_ Ordinary hazard (Class II) 

130 SF for all types of construction, 
except: 

100 SF for high-pile storage (12' or 
more). 

_ Extra hazard (Class III) 

90 SF for all types of construction 
100 SF if hydraulically calculated. 

_ High-piled storage (CHS) warehouses 

containing combustible items that are 
stored more than 15' high. 

_ (3) Notes 

_ (a) Most buildings will be the 225 SF 

spacing. 

_ ( b ) Maximum spacing for light and 

ordinary hazard = 15' 

High-pile and extra hazard = 12' 

_ (c) Small rooms of light hazard, not 

exceeding 800 SF: locate sprinklers 
max. of 9' from walls. 

_ ( d ) Maximum distance from walls to 

last sprinkler is 'A spacing (except 
at small rooms). Minimum is 4". 

_ (e) City ordinances should be checked 

to verify that local rules are not 
more stringent than IBC require¬ 
ments. 
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_ (/) The sprinkler riser for small build¬ 
ings usually takes a space about 
2'6" square. Pumps and valves for 
larger buildings take up to about 
100 to 500 SF. 

_ (g) Types 

_ 1. Wet-pipe (water is always in 

pipe up to sprinkler head) 

_ 2. Antifreeze 

_3. Drypipe (water no further 

than main; used where freez¬ 
ing is a problem) 

_ 4. Preaction (fast response) 

_ 5. Deluge 

_ 6. Foam water (petroleum fires) 

Costs: Wet pipe systems: $1.20 to $4.20/SF 
For dry pipe systems, add $.60/SF. 

_ b. Large buildings often 

also require a stand¬ 
pipe, which is a large- 
diameter water pipe 
extending vertically 
through the build¬ 
ing with fire-hose 
connections at every 
floor. The system is either wet or dry. The IBC de¬ 
fines three classes. 

Class I is dry with 214" outlets. There is a 
connection point on every landing of every 
required stairway above or below grade, 
and on both sides of a horizontal exit door. 
This type of standpipe is for the fire depart¬ 
ment to connect their large hoses to. 

Class II is wet with 114" outlets and a hose. 
This type is located so that every part of the 
building is within 30' of a nozzle attached to 
100' of hose. This type is for use by building 
occupants or the fire department. 

Class III is wet with 214" outlets and 114" 
hose connections. These are located accord¬ 
ing to the rules for both Class I and II. 

Often, two Siamese fittings are required in 
readily accessible locations on the outside 
of the building to allow the fire department 


_ ( 1 ) 

_ ( 2 ) 

_ (3) 
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to attach hoses from pumper trucks to the 
dry standpipe and to the sprinkler riser. 


Also, when required, fire hose cabinets will 
be located in such a way that every point on 
a floor lies within reach of a 30' stream from 
the end of a 100' hose. A typical recessed 
wall cabinet for a wet standpipe hose and 
fire extinguisher is 2'9" W x 9"D x 2'9" H. 

UO<il CAWNfst See UBC Table 9-A below for standpipe 

requirements. 

_ c. Fire alarm and detection systems: One of the most 

effective means of occupant protection in case of a 
fire incident is the availability of a fire alarm system. 
An alarm system provides early notification to 
occupants of the building in the event of a fire, 
thereby providing a greater opportunity for every¬ 
one in the building to evacuate or relocate to a safe 
area. Where required (occupancies): 

_ (1) Group A, when 300 or more occupants. 

_ (2) Group B and M, when over 500 occupants. 

Where more than 100 persons occupy 
spaces above or below the lowest level of 
exit discharge, a manual fire alarm must be 
installed. 

_ (3) Group E, where occupant load is 50 or 

more. 

_ (4) Group F, where multileveled and occupant 

load is 500 or more is housed above or 
below the level of exit discharge. 

_ (5) Group H, semiconductor fabrication or 

manufacture of organic coatings. 

_ (6) Group I, both manual fire alarm and auto¬ 
matic fire detection system. 

_ (7) Residential: Certain residential structures 

require fire alarm and smoke detectors. This 
applies to hotels and other R-l buildings. 
There is an exception to the required man¬ 
ual alarm system for such occupancies less 
than 3 stories in height where all guest 
rooms are completely separated by mini¬ 
mum 1-hour fire partitions and each unit 
has an exit directly to a yard, egress court, 
or public way. In R-2 buildings, alarms are 
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required where more than 16 DUs are 
located in a single structure, or DUs are 
placed a significant distance vertically from 
the egress point at ground level. 

7. Landscape Irrigation-. See p. 269. 

&. Gas: To allow for the gas meter and piping, provide a space 
1' 6" W x I'D x 2'H. Where natural gas is not available, 
propane, butane, and other flammable gases can be used to 
heat spaces and run stoves and hot-water heaters in homes, 
low-rise apartments, and small commercial buildings. A typ¬ 
ical installation is a large cylinder located just outside the 
building and should be accessible by truck and well venti¬ 
lated. The line to the building should be flexible (no iron or 
steel) and, at best, 10' from windows and stairways. 


9. 


5o\ar Hot 'Hater Systems 

_ a. In U.S., average person uses 20 gal. of HW/day. 

_ b. Mount collectors at tilt equal to about the site latitude. 

_ c. Typical collectors are 4' x 8' and 4' x 10'. 

_ d. Typical relationship between collector area and stor¬ 
age volume is 1:3 to 1:7 gal. per SF of collector. 

_ e. Type of systems 

_ (1) Open loop, recirculation: The most widely 

used system in climates where freezing is of 
little concern. 

_ (2) Open loop, drain down: Includes valving 

arrangement from collectors and piping 
when water temperature approaches freez¬ 
ing. 

_ (3) Closed loop, drain back: Use of separate 

fluid (such as water) circulated through col¬ 
lectors where it is heated and transferred to 
HW storage through heat exchanger. 

_ (4) Closed loop, antifreeze: Most widely used 

with heat exchanger. 

_ f. Auxiliary heat: Typically an electric element in HW 

tank top. 

_ g. For rough estimates: 

_ (1) Northeast U.S.: 60 SF collector and 80 gal¬ 
lon tank will provide 50% to 75% need of a 
family of four. 

_ (2) Southwest U.S.: 40 SF of collector will do 

same. 


Costs: $4500 to $10,000 per system 
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TABLE 403.1 

MINIMUM NUMBER OF REQUIRED PLUMBING FIXTURES 3 
(See Sections 403.2 and 403.3) 





WATER CLOSETS 
(URINALS SEE SECTION 419.2) 

LAVATORIES 


DRINKING 

FOUNTAIN®' 1 


no. 

CLASSIFICATION 

OCCUPANCY 

DESCRIPTION 

MALE 

FEMALE 

MALE 

FEMALE 

BATHTUBS/ 

SHOWERS 

{SEE 

SECTION 

41 Q.1 

OTHER 



A-l 4 

Theaters and other 
buildings for the 
performing arts and 
motion pictures 

1 per 125 

1 per 65 

1 per 200 

- 

1 per 500 

1 service 

sink 



A-2 J 

Nightclubs, bars, taverns, 
dance halls and buildings 
for similar purposes 

1 per 40 

1 per 40 

1 per 75 

— 

1 per 500 

1 service 
sink 




Restaurants, banquet 
halls and food courts 

1 per 75 

1 per 75 

1 per 200 

— 

1 per 500 

1 service 
sink 

1 

Assembly 

A-3 d 

Auditoriums without 
permanent seating, art 
galleries, exhibition 
halls, museums, lecture 
halls, libraries, arcades 
and gymnasiums 

1 per 125 

1 per 65 

1 per 200 


i per 500 

1 service 
sink 




Passenger terminals and 
transportation facilities 

1 per 500 

1 per 500 

1 per 750 

— 

1 per 1,000 

1 service 
sink 




Places of worship and 
other religious services. 

1 per 150 

1 per 75 

1 per 200 


1 per 1,000 

1 service 
sink 


2009 INTERNATIONAL PLUMBING CODE® 
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TABLE 4D3.1, (continued) 

MINIMUM NUMBER OF REQUIRED PLUMBING FIXTURES 3 
_ (See Sections 403.2 and 403.3) _ 


HO. 

CLASSIFICATION 

OCCUPANCY 

DESCRIPTION 

WATER CLOSETS 
(URINALS SEE SECTION 
419.2} 

LAVATORIES 


DRINKING 

FOUNTAIN*' 

(SEE 

SECTION 

410.1) 

OTHER 

MALE 

FEMALE 

MALE 

FEMALE 

BATHTUBS/ 

SHOWERS 

1 

(cont.) 

Assembly 

(cont.) 

A-4 

Coliseums, arenas, 
skating riaks, 
pools and tennis 
courts for indoor 
sporting events 
and activities 

1 per 75 for 
the first 1,500 
and 1 per 120 
for the re¬ 
mainder ex¬ 
ceeding 1,500 

1 per 40 for 
the first 1,520 
and 1 per 60 
for the 
remainder 
exceeding 
1,520 

1 per 200 

1 per 150 

— 

1 per 1,000 

1 service 
sink 

A-5 

Stadiums, 
amusement parks, 
bleachers and 
grandstands for 
outdoor sporting 
events and 
activities 

1 per 75 for 
the first 1,500 
and I per 120 
for the 
remainder 
exceeding 
1,500 

1 per 40 for 
the first 3,520 
and 1 per 60 
for the 
remainder 
exceeding 
1,520 

1 per 200 

1 per 150 

— 

1 per 1,000 

1 service 
sink 

2 

Business 

B 

Buildings for the 
transaction of 
business, 
professional 
services, other 
services involving 
merchandise, 
office buildings, 
hanks, light 
industrial and 
similar uses 

1 per 25 for the first 50 and 1 
per 50 for the remainder 
exceeding 50 

1 per 40 for the first 80 
and 1 per 80 for the 
remainder exceeding 80 

— 

l per 100 

1 service 
sink 
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TABLE 403.1, (continued) 

MINIMUM NUMBER OF REQUIRED PLUMBING FIXTURES 3 
_ (See Sections 403.2 and 403.3) _ 


NO. 

CLASSIFICATION 

OCCUPANCY 

DESCRIPTION 

WATER CLOSETS 
(URINALS SEE SECTION 
419.2) 

LAVATORIES 

BATHTUBS/ 

SHOWERS 

DRINKING 
FOUNTAIN®' * 
(SEE 
SECTION 
410.1) 

OTHER 

MALE FEMALE 

MALE FEMALE 

3 

Educational 

E 

Educational 

facilities 

1 per 50 

1 per 50 

— 

1 per 100 

1 service 
sink 

4 

Factory and 
industrial 

F-l and F-2 

Structures in 
which occupants 
are engaged in 
work fabricating, 
assembly or 
processing of 
products or 
materials 

1 per 100 

1 per 100 

(see Section 
411) 

1 per 400 

1 service 
sink 
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TABLE 403.1, (continued) 

MINIMUM NUMBER OF REQUIRED PLUMBING FIXTURES 3 
(See Sections 403.2 and 403.3) 






WATER CLOSETS 
(URINALS SEE SECTION 
419.2) 

LAVATORIES 


DRINKING 
FOUNTAIN® 1 
(SEE 


NO. 

CLASSIFICATION 

OCCUPANCY 

DESCRIPTION 

1 

MALE ; FEMALE 

MALE 

FEMALE 

BATHTUBS/ 

SHOWERS 

SECTION 

410.1) 

OTHER 



1-1 

Residential care 

1 per 10 

1 per 10 

1 per 8 

1 per 100 

1 service 
sink 




Hospitals, 
ambulatory nursing 
home patients 11 

1 perroom c 

1 per room c 

1 per 15 

1 per 100 

1 service 
sink per 
floor 



1-2 

Employees, other 
than residential 
care b 

1 per 25 

[ 

1 per 35 j — 

1 per 100 

— 

5 

Institutional 


Visitors, other 
than residential 

care 

1 per 75 

1 per 100 

— 

1 per 500 

— 




Prisons' 3 

1 per cell 

1 per cell 

1 per 15 

1 per 100 

1 service 
sink 



1-3 

Reformitories, 
detention centers, 
and correctional 
centers' 3 

1 per 15 

1 per 15 

1 per 15 

1 per 100 

1 service 
sink 




Employees* 3 

1 per 25 

1 per 35 

— 

1 per 100 

_ 




Adult day care and 
child care 

1 per 15 

1 per 15 

1 

1 per 100 

1 service 
sink 
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TABLE 403.1, (continued) 

MINIMUM NUMBER OF REQUIRED PLUMBING FIXTURES 3 
(See Sections 403.2 and 403.3) 


NO. 

CLASSIFICATION 

1 

WATER CLOSETS 
(URINALS SEE SECTION 
419.2) 

LAVATORIES 

BATHTUBS/ 

SHOWERS 

DRINKING 
FOUNTAIN 0,1 
(SEE 
SECTION 
410.1) 

OTHER 

OCCUPANCY 

DESCRIPTION 

MALE FEMALE 

MALE FEMALE 

6 

Mercantile 

M 

Retail stores, 
service stations, 
shops, salesrooms, 
markets and 
shopping centers 

1 per 500 

1 per 750 

— 

1 per 1,000 

1 sendee | 
sink 

7 

Residential 

R-l 

Hotels, motels, 
boarding houses 
(transient) 

1 per sleeping unit 

1 per sleeping unit 

1 per 

sleeping unit 

— 

1 service 
sink 

R-2 

Dormitories, 
fraternities, 
sororities and 
boarding houses 
(not transient) 

1 per 10 

1 per 10 

1 per 8 

1 per 100 

1 service 
sink 

R-2 

Apartment house 

1 per dwelling unit 

1 per dwelling unit 

l per 
dwelling 
unit 

— 

1 kitchen 

sink per 

dwelling 

unit; 1 

automatic 

clothes 

washer 

connection 

per 20 

dwelling 

units 
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TABLE 403.1, (continued) 

MINIMUM NUMBER OF REQUIRED PLUMBING FIXTURES 3 
(See Sections 403.2 and 403.3) 


NO. 

CLASSIFICATION 

OCCUPANCY 

DESCRIPTION 

WATER CLOSETS 
(URINALS SEE SECTION 
419.2) 

LAVATORIES 

BATHTUBS/ 

SHOWERS 

DRINKING 
FOUNTAIN*'' 
(SEE 
SECTION 
410.1) 

OTHER 

HALE FEMALE 

MALE FEMALE 

7 

(cont.) 

Residential 

(cont.) 

R-3 

One- and 

two-family 

dwellings 

1 per dwelling unit 

1 per dwelling unit 

1 per 
dwelling 
unit 

— 

1 kitchen 

sink per 

dwelling 

unit; 1 

automatic 

clothes 

washer 

connection 

per 

dwelling 

unit 

R-3 

Congregate living 
facilities with 16 
or fewer persons 

1 per 10 

1 per 10 

1 per 8 

1 per 100 

1 service 
sink 

R-4 

Residential 
care/assisted living 
facilities 

1 per 10 

1 per 10 

! per 8 

1 per 100 

1 service 
sink 

8 

Storage 

S-l 

S-2 

Structures for the 
storage of goods, 
warehouses, 
storehouse and 
freight depots. 

Low and Moderate 
Hazard. 

1 per 100 

1 per 100 

See 

Section 411 

1 per 1,000 

1 service 
sink 
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TABLE 403.1, (continued) 

MINIMUM NUMBER OF REQUIRED PLUMBING FIXTURES 3 
(See Sections 403.2 and 403.3) 

a. The fixtures shown are based on one fixture being the minimum required for the number of persons indicated or any fraction of the number of persons indicated. 
The number of occupants shall be determined by th e International Building Code. 

b. Toilet facilities for employees shall be separate from facilities for inmates or patients. 

c. A single-occupant toilet room with one water closet and one lavatory serving not more than two adjacent patient sleeping units shall be permitted where such room 
is provided with direct access from each patient sleeping unit and with provisions for privacy. 

d. The occupant load for seasonal outdoor seating and entertainment areas shall be included when determining the minimum number of facilities required. 

e. The minimum number of required drinking fountains shall comply with Table 403.1 and Chapter 11 of the International Building Code. 

f. Drinking fountains are not required for an occupant load of 15 or fewer. 
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TABLE 4-1 

Minimum Plumbing Facilities 1 

Each building shall be provided with sanitary facilities, including provisions for persons with disabilities as prescribed by the 
Department Having Jurisdiction. Table 4-1 applies to new buildings, additions to a building, and changes of occupancy or type in 
an existing building resulting in increased occupant load. Exception: New cafeterias used only by employees. 

The total occupant ioad shall be determined in accordance with the Building Code. The type of building or occupancy shall be 
determined based on die actual use of the various spaces within the building. Building categories not shown in Table 4-1 shall be 
considered separately by the Authority Having Jurisdiction. The minimum number of fixtures shall be calculated at 50 percent male 
and 50 percent female based on the total occupant load. 


Once the occupant load and uses are determined, the requirements of Section 412.0 and Table 4-1 shall be applied to determine 
the minimum number of plumbing fixtures required. 


Type of Building 2 
or Occupancy 

Water Closets 14 
(Fixtures per Person) 

Urinals' 10 

(Fixtures per Person) 

Lavatories 

(Fixtures per Person) 

Bathtubs or 
Showers 
(Fixtures per 
Person) 

Drinking 3,13,TT 
Fountains 
(Fixtures per 
Person) 

Assembly places- 
theatres, audito¬ 
riums, convention 
halls, etc.- for 
permanent 
employee use 

Male Female Male 

1:1-15 1:1-15 0:1-9 

2 : 16-35 3:16-35 1:10-50 

3:36-55 4:36-55 Add one fixture for 

Over 55. add 1 fixture tor each each additional 50 
additional 40 persons. males. 

Male 

1 per 40 

Female 

1 per 40 



Assembly places - 
theatres, audito¬ 
riums, convention 
halls, etc.- for 
public use 

Male Female 

1:1-100 3:1-50 

2:101-200 4: 51-1G0 

3: 201-400 ft 101-200 

11: 201-400 

Over 400. add one fixture for 
each additional 500 males 
and 1 for each additional 125 
females. 

Male 

1:1-100 

2:101-200 

3:201-400 

4:401-600 

Over 600, add 1 fixture 
for each additional 300 
males. 

Male Female 

1:1-200 1:1-200 

2:201-400 2:201-400 

3:401-750 3:401-750 

Over 750, add one 
fixture for each addi¬ 
tional 500 persons. 


1:1-150 

2 151-400 

3:401-750 

Over 750, add 
one fixture for 
each additional 

500 persons. 


UNIFORM PLUMBING CODE 









534 


TABLE 4-1, (continued) 

Minimum Plumbing Facilities' 


Type of Building 2 
or Occupancy 

Water Closets’ 4 
(Fixtures per Person) 

Urinals 510 

(Fixtures per Person) 

Lavatories 

(Fixtures per Person) 

Bathtubs nr Drinking 11117 

Showers Fountains 

(Fixtures per (Fixtures per 

Person) Person) 

Donro tones 9 - 
School or labor 1 * 

Male Female 

1 per 10 1 pei'8 

Add 1 fixture for each addi¬ 
tional 25 males (over 10) and 

1 for each additional 20 
females (over 8). 

Male 

1 per 25 

Over 150, add 1 fixture 
for each additional 50 
males. 

Male Female 

1 per 12 1 per 12 

Over 12, add one fixture 
for each additional 20 
males and 1 for each 15 
additional females. 

tperS 1 per ISO* 3 

For females, add 

1 bathtub per 30. 

Over 150, add 1 
bathtub per 20. 

Dormitones - for 

state use ,h 

Male Female 

1:1-15 1:1-15 

2:16-35 3:16-35 

3:36-55 4: 36-55 

Over 55, add 1 fixture for 
each additional 40 persons. 

Male 

1 per 50 

Male Female 

1 per 40 1 per 40 

1 per S 

Dwellings 4 

Single dwelling 
Multiple dwelling 
or apartment 
house 1 ® 

1 per dwelling 

1 per dwelling or apartment 
unit 


S per dwelling 
i per dwelling or apart¬ 
ment unit 

1 per dwelling 

1 per dwelling or 
apartment unit 

Hospital waiting 
rooms 

1 per room 


1 per room 

J per 130“ 

Hospitals - for 
employee use 

Male Female 

1:1-15 3:3-15 

2:16-35 3:16-35 

3: 36-55 4: 36-55 

Over 55, add 1 fixture for 
each additional 40 persons. 

Male 

0:1-9 

1:10-50 

Add one fixture for 
each additional 50 
males. 

Male Female 

1 per 40 1 per 40 
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TABLE 4-1, (continued) 

Minimum Plumbing Facilities' 


Type of Building 2 Water Closets 14 
or Occupancy (Fixtures per Person) 

Urinals 510 

(Fixtures per Person) 

Lavatories Bathtubs or Drinking 3-13 ” 

(Fixtures per Person) Showers Fountains 

(Fixtures per (Rlfltu r 

Pason > Person) 

Hospitals 

Individual room. 1 per room 

Ward room 1 per 8 patients 


1 per room per room l per 150 12 

1 per 10 patients 1 pa - 20 patients 

Industrial* ware- Male Female 

houses, work- ^ : h-10 

shops, foLtndries, 2:11-25 —11 -2a 

and similar estab- 3:26-riO 3:26-50 

Jishments - for ^ $1-75 4:51-75 

employee use ^ 76-100 ri: 76-100 

Over 100, add 1 fixture for 
each additional 30 persons. 


Up to 100,1 per 10 1 shower for \ per 150 12 

persons each 15 persons 

Over 100,1 per 15 exposed to 

persons 7, s excess! ve heat or 

to skin contami¬ 
nation with 
poisonous, 
infectious or irri¬ 
tating material 

Institutional— Male Female 

other than hospi- 1 per 25 1 per 20 

tals or penal insti¬ 
tutions (on each 
occupied floor) 

Male 

0:1-9 

1:10-50 

Add one fixture for 
each additional 50 
males. 

Male Female 1 per 8 IperlSO 12 

IperlO 1 per 10 

Institutional — Male Female 

other than hospi- 1:1-15 1:1-15 

tats or penal insti- 2:16-35 3.16-35 

tuhons (on each 3:36-55 4:36-55 

occupied floor) — Over 55, add 1 fixture tor 

for employee use each additional 40 persons. 

Male 

0:1-9 

1:10-50 

Add one fixture for 
each additional 50 
males. 

Male Female 1 per 8 ] per 150“ 

1 per 40 1 per 40 
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TABLE 4-1, (continued) 

Minimum Plumbing Facilities 5 


Type of Building 2 
or Occupancy 

Water Closets 4 
(Fixtures per Person) 

Urinals 5,10 Lavatories 

(Fixtures per Person) (Fixtures per Person) 

Bathtubs or Drinking 31117 

Showers Foun t ains 

erson! Person) 

Office or public 
buildings 

Male Female 

1:1-100 3:1-50 

2:101-200 4: 51-100 

3: 201-400 3: 101-200 

11:201-400 

Over 400, add one fixture 
for each additional 500 
males and 1 for each addi¬ 
tional 150 females. 

Male Male Female 

1:1-100 1:1-200 1:1-200 

2:101-200 2:201-400 2:201-400 

3:201-400 3:401-750 3:401-750 

4: 401-600 Over 750, add one 

Over 600. add 1 fixture for each ad di¬ 

fixture for each addi- tional 500 persons, 
tional 300 males. 

1 per 150 12 

Office or public 
buildings - for 
employee use 

Male Female 

1:1-15 1: 1-15 

2:16-35 3:16-35 

3: 36-55 4: 36-55 

Over 55, add 1 fixture for 
each additional 40 persons. 

Male Female Male 

0:1-9 1 per 40 1 per 40 

1:10-50 

Add one fixture for 
each additional 50 
males. 


Penal institutions 
- for employee 
use 

Male Female 

1:1-15 1:1-15 

2:16-35 3:16-35 

3: 36-55 4: 36-55 

Over 55. add 1 fixture for 
each additional 40 persons. 

Male Male Female 

0:1-9 1 per 40 1 per 40 

1:10-50 

Add one fixture for 
each additional 50 
males. 

1 per 150“ 

Penal institutions 
- tor prison use 
Cell 

Exerdse room 

1 per cell 

1 per exercise room 

Male 1 per cell 

1 per exercise room 1 per exercise room 

1 per cell block 
floor 

1 per exercise 

room 
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TABLE 4-1, (continued) 

Minimum Plumbing Facilities 1 


Type of Building 2 Water Closets' 4 
or Occupancy (Fixtures per Person) 

Urinals 5,10 

(Fixtures per Person) 

Lavatories Bathtubs or 

(Fixtures per Person) Showers 

(Fixtures per 
Person} 

Drinking 3 ia 17 
Fountains 
(Fixtures per 
Person) 

Pub lie or p rotes- S a m e a s Of fi ce or Pub lie 
siona] offices 15 Buildings for employee 

use 15 

Same as Office or 
Public Buildings for 
employee use 13 

Same as Office or 

Public Buildings for 
employee use ,J 

Same as Office 
or Public Build¬ 
ings for 

employee use 1:1 

Restaurants, Male Female 

pubs, and 1:1-50 1:1-5 

lounges 11 ' 13 2:51-150 2: 51-150 

3:151-300 4:151-300 
Over 300, add 1 fixture 
for each additional 200 
persons. 

Male 

1: 1-150 

Over 150, add 1 
fixture for each addi¬ 
tional 150 males. 

Male Female 

1:1-150 1:1-150 

2:151-200 2:151-200 

3:201-400 3:201-400 

Over 400, add 1 
fixture for each addi¬ 
tional 400 persons. 


Retail or Whole- Male Female 

sale Stores 1:1-100 1:1-25 

2:101-200 2:26-100 
3:201-400 4:101-200 

6:201-300 

8: 301-400 

Over 400, add one fixture 
for each additional 500 
males and one for each 

150 females 

Male 

0:0-25 

1:26-100 

2:101-200 

3:201-400 

4:401-600 

Over 600, add one 
fixture for each addi¬ 
tional 300 males 

1 per 2 water closets 

0:1-30 17 

1:31-150 

One additional 
drinking foun¬ 
tain for each 

150 persons 
tin ere after 

Schools - for staff Male Female 

use 1:1-15 1:2-15 

All schools 2; 16-35 2; 16-35 

3:36-55 3: 36-55 

Over 55, add ] fixture for 
each additional 40 
persons. 

Male 

1 per 50 

Male Female 

1 per 40 1 per 40 
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TABLE 4-1, (continued) 

Minimum Plumbing Facilities* 


Type of Buiiding 2 
or Occupancy 

Water Closets’ 4 
(Fixtures per Person) 

lirinaJs 5 - 10 

(Fixtures per Person) 

Lavatories 

(Fixtures per Person) 

Bathtubs or 
Showers 
(Fixtures per 
Person) 

Drinking 3 ia 17 
Fountains 
(Fixtures per 
Person) 

Schools — for 
student use 
Nursery 

Male Female 

1:1-20 1:1-20 

2: 21-50 2: 21-50 

Over 50, add 1 fixture for 
each additional 50 

persons. 


Male Female 

1:1-25 1:1-25 

2:26-50 2: 26-50 

Over 50, add 1 
fixture for each addi¬ 
tional 50 Demons. 


1 per 150 12 

Elementary 

Male 

1 per 30 

Female 

1 per 25 

Male 

1 per 75 

Male 

1 per 35 

Female 

1 per 35 


1 per 150“ 

Secondarv 

Male 

1 per 40 

Female 

1 per 30 

Male 

1 per 35 

Male 

1 per 40 

Female 

1 per 40 


1 per 15(3“ 

Others (colleges, 
universities, 
adult centers, 
etc.) 

Male 

1 per 40 

Female 

1 per 30 

Male 

1 per 35 

Male 

1 per 40 

Female 

1 per 40 


1 per 150“ 

Worship places 
educational and 
activities Unit 

Male 

1 per 150 

Female 

1 per 75 

Male 

1 per 150 

1 per 2 water closets 


1 per 150 1 ' 

Worship places 
principal assembly 
place 

Male 

1 per 150 

Female 

1 per 75 

Male 

1 per 150 

1 per 2 water closets 


1 per 15Q 12 
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TABLE 4-1, (continued) 

Minimum Plumbing Facilities’ 


' The figures shown are based upon one (1) fixture being the minimum required far the number of persons indicated or any 
fraction thereof. 

~ Building categories not shown on this table shall be considered separatelv bv the Authority Having Jurisdiction. 

Drinking fountains shall not be installed in toilet rooms. 

4 Laundry trays. One fl) laundry tray or one (1) automatic washer standpipe for each dwelling unit or one (11 laundry tray or 
one (1) automatic washer standpipe, or combination thereof, for each twelve (12) apartments. Kitchen sinks, one (1) for each 
dwelling or apartment unit 

For each urinal added in excess of die minimum required, one water closet shall be permitted to be deducted. The number of 
water closets shall not be reduced to less than two-thirds (2/3) of the minimum requirement. 

h As required by PSAI 21.1, Sanitnfion in Places of Employment. 

Where there is exposure to skin contamination with poisonous, infectious, or irritating materials, provide one (1) lavatory for 
each five (5) persons, 

1 Twenty-four {24) lineal inches (610 mm) of wash sink or eighteen {18) inches (457 mm) of a circular basin, when orovided with 
water outlets for such space, shall be considered equivalent to one (1) lavatory. 

Laundry- trays, one (1) for each fifty- (50) persons. Service sinks, one (1) for each hundred (100) persons. 

li! General. In applying this schedule of facilities, consideration shall be given fo the accessibility of the fixtures. Conformity 
purely on a numerical basis may not result in an installation suited to the needs of the individual establishment For example, 
schools should be provided with toilet facilities on each floor having classrooms. 

a. Surrounding materials, wall, and floor space to a point two (2) feet (610 mm) in front of urinal lip and four (4) feet 
(1,219 mm) above the floor, and not less than two (2) feet (610 mm) to each side of the urinal shall be lined with non¬ 
absorbent materials. 

b. Trough urinals shall be prohibited. 
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TABLE 4-1, (continued) 

Minimum Plumbing Facilities’ 


A restaurant is defined as a business that sells food to be consumed on the premises. 

a. The number of occupants for a drive-in restaurant shall be considered as equal to the number of parking stalls. 
b- Hand-washing facilities shall be available in tire kitchen for employees. 

Where food is consumed indoors, water stations shall be permitted to be substituted For drinking fountains. Offices, or public 
buildings for use by more than six (6) persons shall have one (1) drinking fountain for the first one-hundred fifty- {150) persons 
and one (I) additional fountain for each three-hundred (300) persons thereafter. 

There shall be at least one (1) drinking fountain per occupied floor in schools, theatres, auditoriums, dormitories, offices, or 
public buildings. 

The total number of water closets for females shall be equal to the total number of water closets and urinals required for mates. 
This requirement shall not apply to Retail or Wholesale Stores. 

For smaller-type Public and Professional Offices such as banks, dental offices, law offices, real estate offices, architectural 
offices, engineering offices, and similar uses. A public area in these offices shall use the requirements for Retail or Wholesale 
Stores. 

Recreation or community' room in multiple dwellings or apartment buildings, regardless or their occupant load, shall be 
permitted to have separate single-accommodation facilities in common-use areas within tracts or multi-family residential 
occupancies where the use of these areas is limited exclusively to owners, residents, and their guests. Examples are commu¬ 
nity' recreation or multi-purpose areas in apartments, condos, townhouses, or tracts. 

A drinking fountain shall not be required in occupancies of 30 or less. When a drinking fountain is not required, then foot¬ 
notes 3,12, and 13 are not applicable. 


540 The Architect’s Portable Handbook 


The Plumbing System 541 


EXAMK&: 
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WC I 3 

lAV I I 

UK I 

Au$o; i pf Petf^p? 


Notes: 

1. If you have data to prove occupancy will not be evenly divided, 
you may use other than 50/50 split. 

2. Family or assisted use toilet and bath fixtures can be included in 
count. 
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_13. HEATING, VENTILATION, AND 

AIR CONDITIONING (HVAC) @ ® @ @ 


See p. 546 for selection and cost table. 

Costs: Equipment 20% to 30%; distribution system 80% to 70%; 
see p. 546 for cost of different systems. See App. A, item K 
for % of total construction costs. 

During programming it is useful to do a functional partitioning of 
the building into major zones for: 

_ 1. Similar schedule of use 

_ 2. Similar temperature requirements 

_ 3. Similar ventilation and air quality 

_ 4. Similar internal heat generation 

_ 5. Similar HVAC needs 

During design, if possible, locate spaces with similar needs together. 
See App. A, item J for SF/ton estimates by building type. See 
p. 193 for energy conservation and equipment efficiency. As a gen¬ 
eral rule, provide at least 3' around all HVAC equipment for main¬ 
tenance. 

_ 1. General 

HVAC systems can be divided into four major parts: 

_ a. Source: 

_ (1) The boiler and chiller to create heat and 

cold for the system to use. (In small package 
systems this is an internal electric coil, gas 
furnace, or refrigeration compressor). 

_ (2) Cooling tower (or air-cooled condenser) 

located outside to exhaust heat. 

_ b. Distribution: 

_ (1) Air handlers to transfer heat and cold to air 

(or at least fresh air) to be blown into the 
building zones. In large buildings this is in a 
fan room. (In small package systems this is 
an internal fan.) 

_ (2) The system of ducts, control boxes, and dif¬ 
fusers to deliver conditioned air to the spaces. 

_ c. Delivery of diffusers, baseboard radiators, unit 

heaters, convector cabinets, induction units, etc. 

_ 2. Systems for Small Buildings 

_ a. Roof-mounted “package systems” are typically used 

for residential and small to medium commercial 
buildings. They are AC units that house the first 
three parts in one piece of equipment that usually 
ends up on the roof. Used usually in warm or tem¬ 
perate climates. Typical sizes: 


543 
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Roof Mounted 
“Package” Unit 


Size 

Area served 

Dimensions 

System 

2 to 5 tons 

600 to 1500 SF 

6'L x 4'W x 4'H 

Single zone constant 

5 to 10 tons 

1500 to 4500 SF 

10'Lx7'Wx5'H 

vol. delivery system; 
can serve more than 

15 to 75 tons 

4500 to 22,500 SF 

25'L x 9'W x 6'H 

one zone with vari¬ 
able air vol. delivery 
system 


Notes: 

1. Units should have 3' to 4' of clearance around. 

2. A ton is 12,000 Btu of refrigeration. 

3. Each ton is equal to 400 CFM. 
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FURNACE. 


CONP&Ne&P.- 




FAN 


b. Forced-air central heating is typically used for resi¬ 
dential and light commercial buildings. It heats air 
with gas, oil flame, or elect, resistance at a furnace. A 
fan blows air through a duct system. The furnace can 
be upflow (for basements), 

side flow, or down flow 
(for attic). The fur¬ 
nace must be 
vented. Furnace 
sizes range between 
2'W x 2.5'D x 7'H 
to 4'W to 7'D x 
7'H. Main ducts 
are typically V x 2' 
horizontal and V x .33' vertical. 

Can add cooling with a “split system ” by adding 
evaporator coils in the duct and an exterior con¬ 
denser. Typical condensers range from 2'W x 2'D x 
2'H to 3.5'Wx 4'D x 3'H. 

c. Forced hot water 
heating is typically 
used for residential , 
buildings and com- ’ 
mercial offices. A 
burner or electric 
resistance heats 
water to fin tube 
convectors (or fan 
coil unit with blow¬ 
ers). The fueled 
boiler must be 
vented and provided 
with combustible air. Boiler 

sizes range from 2'W x 2’D x 7'H to 3'W x 

5'D x 7'H. Fin tube convectors are typically 3"D x 

8"H. Fan coils are 2'W x 2.5'H. There is no cooling. 

d. Evaporative cooling is typically used for residential 
buildings. It works only in hot, 
dry climates. A fan draws 
exterior air across wet pads 
and into the duct system. 

There is no heating. Cooler 
size typically is 3'W x 3'D x 
3'H. Main duct is typically 
1.5'W x 1.5'D. 


&CML EK 
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_ g- 


h. 


_ ;• 


Through-wall units and package terminal units 

are typically used for motels/ 
hotels as well as small 
offices. They are self- 
contained at an exterior 
wall and are intended for 
small spaces. These are usu¬ 
ally electric (or heat pump 
in mild climates), which are 
used for both heating and 
cooling. Interior air is recir¬ 
culated and outside air is 
added. Typical sizes: 

Package Terminal Units 3.5'W x 1.5'D x 1.3'H 
2'W x 2'D x 1.5'H 


in 3" D x 8"H baseboards around the perimeter of 
the room. There is no cooling. 

Electric fan-forced unit heaters are much like item / 
above, but are larger because of internal fans recir¬ 
culating the air. There is no cooling. Typical sizes 
range from 1.5' Wx 8"D x 8"Hto2'Wxl'D x 1.8'H. 
Radiant heating: Electrical resistance wires are 
embedded in floor or ceiling. There is no cooling. An 
alternative is to have recessed radiant panels, typi¬ 
cally 2' x 2' or 2' x 4'. For alternative cooling and 
heating use water piping. These are typically resi¬ 
dential applications. 


Through-Wall Units 
Electric baseboard 

convectors are typi¬ 
cally used for residen¬ 
tial buildings and 
commercial offices. 
They heat by electri¬ 
cal resistance 



Wall furnaces are small furnaces 
for small spaces (usually residen¬ 
tial). They must be vented. There 
is no cooling. They may be either 
gas or electric. The typical size is 
14"W x 12"D x 84"El. 

Other miscellaneous small sys¬ 
tems (typically residential): 

_ Passive solar heating (see 

p. 546) 
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_ Active solar heating 

_ Heating stoves (must be properly vented!) 

3. Custom Systems for Large Buildings 

These are where the first three parts (see p. 543) must have 
areas allocated for them in the floor plan. In tall buildings 
due to distance, mechanical floors are created so that air 
handlers can move air up and down 10 to 15 floors. Thus 
mechanical floors are spaced 20 to 30 floors apart. 

A decentralized chiller and boiler can be at every other 
mechanical floor or they can be centralized at the top or 
base of the building with one or more air handlers at each 
floor. See p. 551 for equipment rooms. Note: An alternative 
for large buildings (but not high rise) is to go with a number 
of large “package” units on the roof. Instead of installing 
one large unit, incorporate several smaller units of the same 
total capacity, then add one more, so any unit may be ser¬ 
viced without affecting the total operation. 

_ a. Delivery systems 

_ (1) Air delivery systems : 

Because of their size, ducts are a 
great concern in the preliminary 
design of the floor-to-ceiling space. 
See p. 493. The main supply and 
return ducts are often run above 
main hallways because ceilings can 
be lower and because this provides 
a natural path of easy access to the 
majority of spaces served. Ideally, 
all ducts should be run as straight 
and clear of obstructions as possi¬ 
ble, contain no corners that could 
collect dirt, and have access portals 
that allow inspection and cleaning. 
Horizontal runs should be pitched 
slightly to prevent moisture collec¬ 
tion. 

When ducts cross any kind of fire 
wall or fire barrier, they usually 
require fire dampers. 

Air rates for buildings vary from 
1 CFMISF to 2 CFMISF based on 
usage and climate. Low-velocity 
,JORGT * PlXT*! (<g“ Him.) ducts require 1 to 2 SF of area per 

1000 SF of building area served. 
High-velocity ducts require 0.5 to 


PUCT6 

14" * I0“ t?UCT IN PLAN 
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ZONE 



1.0. Air returns are required and 
are about the same size, or slightly 
larger, than the main duct supply. 
(The above-noted dimensions are 
interior. Typically, ducts are exter¬ 
nally lined with 1" or 2" of insula¬ 
tion.) 

Costs: Ducts typically cost about 40% of 
total HVAC costs. 

_ (a) Sinele-zone constant-volume sys¬ 
tems serve only one zone and are 
used for large, open-space rooms 
without diverse exterior exposure. 
This is a low-velocity system. 

_ ( b ) Multi zone constant-volume systems 

can serve up to eight separate 
zones. They are used in modest¬ 
sized buildings where there is a 
diversity of exterior exposure and/ 
or diversity of interior loads. This is 
a low-velocity system. 

_ (c) Subzone box systems often modify 

single-zone systems for appended 
spaces. They use boxes that branch 
off the main supply duct to create 
separate zones. The size of the boxes 
can be related to the area served: 


Box Area served 


4'L x 3'W x 1.5'H 500 to 1500 SF 

5'L x 4'W x 1.5'H 1500 to 5000 SF 


ZONE l 



ZONE 3 


The main ducts can be high-veloc¬ 
ity, but the ducts after the boxes at 
each zone (as well as the return air) 
are low-velocity. 

(d) Varicible air-volume single duct can 
serve as many subzones as required. 
It is the dominant choice in many 
commercial buildings because of its 
flexibility and energy savings. It is 
most effectively used for interior 
zones. At exterior zones hot water 
or electrical reheat coils are added 
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to the boxes. Each zone’s tempera¬ 
ture is controlled by the volume of 
air flowing through its box. Typical 
above ceiling boxes are: 

8" to 11 "H for up to 1500 SF 
served (lengths up to 5') 
up to 18''H for up to 7000 SF 

(e) Double-duct systems can serve as a 
good choice where air quality con¬ 
trol is important. The air handler 
supplies hot air for one duct and 
cold air for the other. The mixing 
box controls the mix of these two 
air ducts. This system is not com¬ 
monly used except in retrofits, ft is 
a “caddie” but also a “gas guzzler.” 
(/) Variable air-volume dual-duct sys¬ 
tems. This system is high-end first 
cost and most likely used in a retro¬ 
fit. One duct conveys cool air, one 
other hot air. This system is most 
common where a dual-duct con¬ 
stant volume system is converted to 
VAV. The box is generally con¬ 
trolled to provide either heat or 
cool air as required in varying 
quantities. 

(2) Air/water delivery systems 

These types of systems reduce the ductwork 
by tempering air near its point of use. Hot 
and cold water are piped to remote induc¬ 
tion or fan coil units. Since the air ducts 
carry only fresh air, they can be sized at 0.2 
to 0.4 SF per 1000 SF of area served. The 
main hot and cold water lines will be 2 to 4 
inches diameter, including insulation, for 
medium size buildings. 

_ (a) Induction is often used for the 

perimeter of high-rise office build¬ 
ings and is expensive. Air from a 
central air handler is delivered 
through high-velocity ducts to each 
induction unit. Hot and cold lines 


ZONE I 



ZONE -b 
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INPUcTlON UNIT'S 
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PIPE 

AIK 


MBCH, 

ROOM 



run to each unit. Each unit is 
located along the outside wall, at 
the base of the windows. They are 6 
to 12 inches deep and 1 to 3 feet 
high. 


(b) Fan coils with supplementary air 
are used where there are many 
small rooms needing separate con¬ 
trol. Hot and cold water lines are 
run through the coils. A fan draws 
room air through the coil for heat¬ 
ing and cooling. A separate duct 
system supplies fresh air from a 
remote air handler. 

The fan coils are 6 to 12 inches 
deep and 1 to 3 feet high. They can 
also be a vertical shape (2' x 2' x 6' 
high ) to fit in a closet. They are 
often stacked vertically in a tall 
building to reduce piping. Fan coil 
units can be located in ceiling 
space. 




-PI PEA’ 


_ (3) Water delivery systems use hot and cold 

water lines only. No air is delivered to the 
areas served. 

_ (a) Fan coil units can have hot and/or 

cold water lines with fresh air from 
operable windows or an outdoor 
air intake at the unit. 


J 


ME6H, 


FAN Coilf? 


f— 


X 


»Ae>£ bsarp 

3 i , "i 


MECH. 

ROOM 


_ ( b) Hot water baseboards supply only 

heat. Often used in conjunction 
with a cooling-only VAV system for 
perimeter zones. Baseboards are 6 
inches high by 5 inches deep and as 
long as necessary. 
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4. Diffusers, Terminal Devices, and 

Grilles: Interface the HVAC system 
with the building interiors for visual 
impact and thermal comfort. Supply 
and return grilles or registers should 6KILLE. 
be as far apart as possible in each 
space (ideally at opposite walls and 
opposite corners, and one near the 
ceiling and the other near the floor), 
and they should be located where 
occupants or furnishings will not 
block them. Grilles are side wall 
devices. Their “throw” should be 
about % the distance to the other side 
of the room. Opposite wall should be no greater than about 
16' to 18' away (can throw up to 30' in high rooms with spe¬ 
cial diffusers). Diffusers are down-facing and must be coor¬ 
dinated with the lighting as well as uniformly spaced (at a 
distance apart of approximately the floor-to-ceiling height). 
Returns should be spaced so as to not interfere with air sup¬ 
ply. Assume return air grilles at one per 400 SF to 600 SF. 



PIFFUeER 
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A. LIGHTING ( 13 ) fie) (56 


1. Generai 


a. Lighting terms and concepts using the analogy of a 
sprinkler pipe 


CEIL1N& 


7 


SOURCE. —"J 




(loo pc x .4- = 
40 FL- OK 
40 UUH./SP) 


(T) RREfeBUKE = 

CANPU6 POWER 
<100 CAP IOLSA, 

OR \Vyi LUMEN4) 


(2) FLOW = LUMEN6 


INTENSITY = Foor CANPLES 
0 00 fc or 1 00 lum./sf) 

SURFACE (I OF) 
REFLECTANCE (6><5%), 
TR4N4>MITTANCE (40%) 

(OR AB40RFTANCE OF 40%) 

©OUNCE = 0KIGHTNE44 
IN FOOT-LAM BEATS 
(IOO FC A -<o = (&OFL OK 
<EO LUM,/eF) 


_ (1) Visible light is measured in lumens. 

_ (2) One lumen of light flux spread over one 

square foot of area illuminates the area to 
one footcandle. 

_ (3) The ratio of lumens/watts is called efficacy, 

a measure of energy efficiency. 

_ (4) The incident angle of a light beam always 

equals the reflectance angle on a surface. 

_ (5) The 1-1-1 Rule: When 1 lumen of light 

strikes 1SF of perfectly reflective area, 1' 
away, at right angles, then 1 lumen of out¬ 
put = 1 fc of incident light = 1 foot-lambert 
of reflected light. 
b. Considerations in seeing 

_ (1) Contrast between the object or area being 

viewed and its surroundings will help 
vision. Too little will wash out the object. 
Too much will create glare. Recommended 
maximum ratios: 

_Task to adjacent area 3 to 1 

_ Task to remote dark surface 3 to 1 
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Task to remote light surface 1 to 1 

Window to adjacent wall 20 to 1 

Task to general visual field 40 to 1 

Focal point: up to 100 to 1 


_ (2) Brightness (How much light?). For recom¬ 
mended lighting levels, see d, below, or p. 
566. 

_ (3) Size of that viewed. As the viewing task 

becomes smaller, the brightness needs to 
increase and vice versa. 

_ (4) Time: As the view time is decreased, the 

brightness and contrast needs to increase 
and vice versa. 

_ (5) Glare: Not only can 

too much contrast 
create glare, but light 
sources at the wrong 
angle to the eye can 
create glare. Typically, "veiun/6 - 

the non-glare angles Kefusctiow?" 

are from 30° to 60° 
from the vertical. 

_ (6) Color: See p. 428. 

_ (7) Interest. 

c. Types of overall light sources 

_ (1) Task lighting is the brightest level needed 

for the immediate task, such as a desk lamp. 
Select from table on p. 566. 

_ (2) General lighting is the less bright level of 

surroundings for both general seeing and to 
reduce contrast between the task and sur¬ 
roundings. It is also for less intense tasks, 
such as general illumination of a lobby. This 
type of lighting can be both natural or arti¬ 
ficial. 

_ (3) As a general rule, general lighting should be 

about'/? that of task lighting down to 20 fc. 
Noncritical lighting (halls, etc.) can be re¬ 
duced to V 3 of general lighting down to 10 fc. 
For more detail, see p. 566. 

d. Typical amounts of light 

_ (1) Residential 

_ Casual activities: 20 fc 

_ Moderate activities 

(grooming, reading, 
and preparing food): 



up to 50 fc 
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_ e. 

— f 


eo URCE. CAM 
55E IN CANPUEA', 
LUMEN^ OK 
POOT- LAMB>£KT6> 


Extended activities 

(hobby work, household 

accounts, prolonged 

reading): up to 150 fc 


_ ( 2 ) 


_ Difficult activites (sewing): up to 200 fc 

Commercial 


_ ( 3 ) 


Circulation: 

Merchandising: 

Feature displays: 

Specific activities 
(i.e., drafting): 


up to 30 fc 
up to 100 fc 
up to 500 fc 

200 fc to 2000 fc 


For more detailed recommendations, see p. 
566. 


For recommended room reflectances, see p. 432. 
Calculation of a point source of light on an object 
can be estimated by: 


Foot candles = 


Source 

distance 2 


x Cosine of incident angle 



Light hitting a surface at an angle will illuminate the 
surface less than light hitting perpendicular to the 
surface. The cosine of the incident angle is used to 
make the correction. Doubling the distance from 
source to surface cuts the illumination of the surface 
by Vt. Also, see page 601 for other calculations. 
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0&6ISM LlSHTINiJ L£V£|A 


TYPE OF ACTIVITY 

TYPE OF LIGHTING 

footcample^ 

X Y Z 

TYPICAL SPACES 

A 

PU&U 6 6PAC&5 W/PAKfc 

<r&MtKAL AREA UAHTIH 6 - 
THPOVGHOOT 

2 3 5 

theater,, storage 

0 

SIMPLE ORIENTATION fOK 
6HOZT TEMPO ?ARY ViA’lYS* 



5 7.5 IO 

pjxIino, cozeipoz^ cio&sr&s 
e»rot 2 Ase 

c 

WORklNC- e>PACEP> WHERE. 

V1 e UA u TA^K^* ARE ONUV 
occasion!ALLY PERfOKMU? 


r 

0 

L& 

o 

vAiTbsi^y exHii^r/o^ Lo^eiesv 
U£*S?«5v R&blf’E^TAL- PJNlf\k%, 
€TAH?<S}> 1&IU3P$, ELe.\AT«=>{2^. 
U3ACVN6 R50k$» 

V 

PERFORMANCE OF VT^UAU 

TA'S'Ke’ OF HI OH CONTRACT 
OR LA ROE- 6 lZ£. 

IHUWltfATfc 

?M ON TA^K, 

o 

\I\ 

o 

rr\ 

O 

<N 

&£N&2Al- OFFfCE, E*4M DOOM'S*,. 
MANUF/VTUgJN^ PEAt?JN£ fSCOM^ 
PP&2&IM&/ PiSflAY 

t 

PERFORMANCE OF VISUAL 
TASKS OF MEPIUM 

CONTRACT OR WALL SIZE 



50 75 IOO 

PRAFT 1 N 4 UA 0 <S» KITCHEN^ EXAM 
ROOM / A»EWtMOv }?&&£&, pl\£fr, 
VvOKk & 6 t«iCH , REAOifJ^/ 
MAMUFAOryR)N<&/ 

F 

PERFORMANCE OF V^UAu 
TA<&K£ OF LOW CONTRACT 

OR VERY £MALC-AR£Ar 


r 

JOO 150 200 

ARTWORK. AkJP PRAFT/f^ 

PEMONITRATION, IN^miTlO*^ 

1 *&*■/ PITTING,, PEGDfZ&r, 
CZ\t\o\u AT WOR-X- 
PlFF/oyur ^ew*N 6 -/ manufacture 

G 

Performance or visual 

TASKS OF LOW CONTRAST 

AMP VERY SMALL SIZE OVER 

A PROLONGS!? PERI oa. 

JU^MINAJTPN ON 
ATioM OF £&MQ2A 
UC-HTINO 

Ae»K 0 YCOM 0 W' 
u AND LOCAL, 

200 3 OO 500 

CK|T/(^AL- 2 >cfc 6 £RY/ VERT CW- 

(CL/LT MANUFACn^i^A^E^E-L-^. 
CU^E. 

H 

PERFORMANCE OF VERY 
Prolonged 1 4 EXACTING- 
VISUAL T4GK. 



500 750 \0OO 

: 

_i JJF M 

S b 

< * a § 

CM 

< 

X <40 >70 NOT IMPORT. 

Y 40-55 5x7-70 IMPOgT. 

Z >50 <50 CRITICAL 

1 

PERFORMANCE OF vfeKY 
SPECIAL TASkS OF 
EXTREMELY LOW CONTRAST 
AMP SMALL <S(ZE. 


r 

| OOO 1 500 2000 
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2. Davliahtina (Natural Lighting) (T) (5) (7(5) (29) 

_ a. Before undertaking the design of electric lighting, 

daylighting should be considered. Daylighting is an 
important connection with the outside world. Even 
if daylight is not to be used as a primary lighting 
source, in most buildings there should be some pen¬ 
etration of daylight. 

The architectural program can be partitioned into 
spaces where daylighting 
can or should be used and 
spaces where daylight will 
not be a major factor. The 
best opportunities for day¬ 
light use are in areas where 
task lighting is not the 
primary consideration. As 
the task lighting needs to 
be more controlled, day¬ 
lighting becomes more 
problematic as a lighting 
solution. Good daylight¬ 
ing opportunities happen 
where task-lighting needs 
are not too critical, as in 
corridors, lobbies, resi¬ 
dences. Daylighting is prob¬ 
ably not a good idea where 
task-light constraints are 
very restrictive, as in a lec¬ 
ture room or hospital oper¬ 
ating room. 

b. Daylighting components 

_ (1) Direct sun 

_ (2) Diffuse sky 

_ (3) Indirect sun (sunlight reflected from ground 

or adjacent structures) 

c. There are many ways to introduce natural light into 
buildings, ranging from fairly obvious and common 
methods to new and emerging technologies: 

_ (1) Perimeter lighting involves the size and 

placement of windows and, sometimes, the 
use of light shelves. 

_ (2) Top lighting includes the use of skylights 

and roof monitors, and even translucent 
membrane roofs. 


SLOPE!?, WHITE CEILING SOFFIT 'teEE?“ 9KY 
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(3) Core lighting involves the use of atriums 
and light wells. 

(4) Optical lighting includes the use of fiber 
optics, prisms, mirrors, parabolic reflectors, 
and other means. 



THREE WAV* Ti 0 PA'fUfiHT 


d. General rules of thumb: 

_ (1) Day lighting, even more than artificial 

lighting, needs to be considered early in 
the design process. 

_(2) A useful conceptual approach to conceiv¬ 
ing a daylighting scheme is to think in 
terms of bouncing the daylight off exterior 
and interior surfaces into the area to be lit. 

_ (3) Direct sunlight is almost always too bright 

to work under. 

_ (4) Direct sunlight on critical task areas 

should be avoided. 

_ (5) Direct skylight and sunlight should be 

used sparingly in noncritical areas. 

_ (6) For the best daylight, consider increasing 

the number of windows, rather than just 
increasing the size of one window or glass 
area. 

_ (7) Daylight should be bounced off surround¬ 
ing surfaces. In hot climates this should be 
outside (roofs, ground, walls, etc.) to 
reduce heat gain. 

_ (8) Daylight should be brought in high and let 

down softly. 

_ (9) Daylight can be filtered through trees, 

plants, screens, and drapes. 

_ (10) Daylight from one side of a room can 

cause a glare problem. Daylight admitted 
from two or more sides will tend to bal¬ 
ance the light in the room. 
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(11) Office building window daylighting usu¬ 
ally affects the 15' perimeter of the plan. 

(12) North-facing windows, skylights, or clear¬ 
stories give the best daylight (but may 
allow excessive heat loss in cold climates 
with northerly winds). 

(13) Northern orientations will receive only 
minor direct solar penetration in the early 
morning and late afternoon in the sum¬ 
mer. 

(14) North light should be used where soft, 
cool, uniform illumination is needed. 

(15) South light should be allowed only where 
intense, warm, variable illumination is 
appropriate. 

(16) Southern orientations are relatively easy 
to shield from direct solar penetrations 
by using horizontal louvers or overhangs, 
provided the cooling season is not too 
long, as in extremely hot climates. 

(17) Eastern and western orientations are 
almost impossible to protect from direct 
solar penetrations (heat and glare) while 
at the same time allowing occupants to see 
out the window. 

(18) See p. 451 for solar control of south-, 
east-, and west-facing glass. 

(19) Skylights can be a problem due to heat 
gain from too much sunlight. 

(20) Skylights and clearstories can be used to 
deliver light deep into the interior of a 
building. Clearstories can be designed to 
best avoid direct sunlight. 

(21) “Gun slots” 
against wall 
can provide 
illumination 
at minimum 
heat gain. 

(22) To be eco¬ 
nomically 
effective, 
office day¬ 
lighting 
strategies may 
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require automatic controls that adjust the 
level of electric lighting to complement 
the available natural light during the day. 
Controls may be photocells, 2- or 3-step 
lighting, continuous dimming, or motion 
detectors. 

_ (23) New forms of daylighting are light piping 

(optic fiber technology) and translucent 
roof membranes. 

_ (24) Design in light-sensitive applications such 

as museums must pay particular attention 
not only to UV but also to the visible light 
which is responsible for some fading. Cer¬ 
tain glazing options will reduce these neg¬ 
ative effects of light to acceptable levels. 

_ (25) Some new options available to designers 

promise greater optical control capability. 
Prismatic elements can provide varying 
degrees of light control and solar control. 
e. Designing for davlighting: 

_ (1) Amount of skylight available (see App. B, 

item K, for % sun at specific locations). 
Typically: 

Predominantly clear = 60% or more 

Moderate = 50% to 60% 

Heavily covered = under 50% 

_(2) Check sky dome for obstructions. Day¬ 
lighting design requires a building to have 
line-of-sight access to sufficient sky area 
for adequate daylight exposure. Use the 
following ratios to determine clear sky dis¬ 
tance from obstructions: 


Latitude Ratio 


<24° (or overcast) 

1.2 

32° 

1.3 

40° 

1.5 

48° 

1.8 

56° 

2.5 
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\ 



(3) Building orientation and configuration: 

_ (a) Orientation: 

Best North or south 

Worst West or east 

_ ( b ) Building shape: 

_ ( i ) Sidelighting (windows or 

glazed wall areas): 

(a) For designs that use 
diffuse daylight from 
the sky, cloud, or the 
surrounding environ¬ 
ment, it is difficult to 
provide adequate day¬ 
light when the depth of 
the space is more than 
1.5 or 2 times the height 
of the head of the glass. 
Designs that redirect 
daylight and sunlight to 
the ceiling using light 
shelves or redirected 
glazings might be able 
to expand this to 3 
times the ceiling height. 











574 The Architect’s Portable Handbook 




2H 


PlFFUfeE LIGHT PENETRATION 



H 


PE.PlRg.CTEP LIGHT PEJSETFATI0N 


(h) Typically for office 
buildings, the first 15' 
depth in from windows 
gets effective daylight. 
The next 15' gets day¬ 
light but must be 
supplemented with ar¬ 
tificial light. Past 30', 
there is no daylight. 


PACTAl l-i&ht 

r 

FOIL 
U6HT- 


CflUi'kS- CAM LOWERED HEKE 


AL U&HT— 

'' I 


•MO U6HT 


L i&‘ 

I5 1 J 

«- 3 

e- 2 - y 
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(c) Configuration due to 
side lighting: In general, 
rectangles, elongated 
in the EW direction, 
narrow or elongated 
plans, L- or U-shaped 
plans, and courtyards or 
atrium buildings pro¬ 
vide greater access to 
daylight than more 
compact arrangements. 



( d) Details of sidelighting: 


LIGHT SHELF 


EXTERi OIR 
OVERHANG- 



eRBvns. moke even u«n; 
deepe* it!-me s«ac£ 4 
KECUce. (SLAKE NEXT To 
THE Oftt-tltH- 


THK. WILL REPTHE 
PE-PTH OF ILUMIK1ATION 
BUT K£PUCE*> P1R&C-T 
eoM 


REFLECTIVE 

SIUA 



IWOVeAf&f? U&HTIU6- 
PE.PTH OF iLUM/NA- 

TioN eur may create 

TOO MUCH <5LAKE. NEA£ 
^JPENlNCr 


BACK 

UCHTIHC- 



I 


, MOKt PEEP 4 EVEN 
ILLUMINATION KE- 
PU6IN6- ^HAC^>W6? 


O06TROCTION& 



VHERE CBE>TRUCT1CTN^ 
0&£6LA£IN5£ C05Pe.W 
U6HT) TO AVCHC? 
0-UXX1N6- U6HT 
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(» 



SKYU&HT 


Top Lighting (skylights, clear- 
storys, and roof monitors): 
Where occupied areas occur 
directly below roofs, daylight¬ 
ing may also be provided 
through top lighting by either 
skylights or roof monitors 
(clearstories). Large single¬ 
story buildings, such as facto¬ 
ries, are well suited to top 
lighting configurations, as are 
some top floors of many multi¬ 
story buildings. Opportuni¬ 
ties for top lighting can be 
increased with building sec¬ 
tions that step or are otherwise 
configured to increase roof 
areas. Illumination levels from 
top lighting are roughly 3 times 
greater than from sidelighting 
of the same area. 



CLEAfceTOfcY 


South-facing clearstories pro¬ 
vide illumination levels approx¬ 
imately equal to skylights of 
the same glazing area. Clear¬ 
stories facing other directions 
provide approximately half the 
illumination of a skylight of the 
same area. Sources of top light¬ 
ing should be spread no more 
than 1 to 2 times the height of 
the opening above the floor. 
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1--2 H 



J^l 

PEEP PSttJEd.Tl0N5> 



INTEKIOK KEFL&TOP6 


In predominantly overcast 
areas, top lighting with clear 
glazing and no other means of 
sun control may be acceptable, 
but in most areas, top lighting 
should be oriented away from 
the sun or control devices 
should be used to prevent sun¬ 
light passing in unimpeded to 
the task area. 

Interior reflectors, exterior 
louvers, translucent light-dif¬ 
fusing materials, and deep 
openings with reflective sur¬ 
faces can be effective in this 
regard. Devices located exte¬ 
rior to the opening can exclude 
solar heat from the interior and 
may be helpful in areas where 
high heat gain is common. See 
item b on p. 172. 

When these devices are 
placed on the inside, they may 
also be helpful in distributing 
the daylight farther from the 
opening and creating more 
even illumination within the 
space. 

Light distribution from sky¬ 
lights is intrinsically more uni¬ 
form than that from windows. 
Light diffusion can be achieved 
by using diffusing plastic bub¬ 
ble skylights, high transmission 
glazing with a diffusion screen 
below, some of the fritted 
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glasses, or laminates with dif¬ 
fusing layers or exterior shad¬ 
ing systems. 

Light wells can reduce the 
amount of light entering a 
space from as little as 10% to 
as much as 85%. Splayed wells 
with high-reflectance finishes 
are the best performers. Ade¬ 
quate daylight in most climates 
is provided with skylight areas 
of 4% to 8% with relatively 
high transmittance glazing. For 
complete glazed roof areas, the 
transmittance should be about 
5%. 



SKYLIGHT TYr s £-6> 


f. Rules of thumb for sizing glazing: Daylight can be 
used to reduce the need for electrical lighting, but 
too much daylight can create glare, cause the air 
conditioning load of the building to rise, or lead to 
other overheating problems. The following list pro¬ 
vides a useful guide to determining the approximate 
daylight aperture areas that will balance lighting 
and AC requirements. 

Sidelighting 

_ (1) Rough rules of thumb: 

Window openings: 10% (min.) to 25% of 
floor area; 25% to 40% of wall area 
Room depth: 2 to 2 1 / times window height 
(usually 15' to 30'). 
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_ (2) Establish desirable illumination levels from 

p. 566. 

_ (3) Sizing sidelighting: 

_ (a) Window height to depth of pene¬ 
tration of light: 

_ ( i ) An 8'- to 9'-high window 

(H) will give full daylight 
to a depth of about 15' 
(Dl). As window height 
inereases, depth increases 
at a ratio of 1 to 2. 

_ (ii) An 8'- to 9'-high window 

:r-_,___ (H) will give partial day- 

lighting (requiring addi- 
tional artificial lights) to a 
' 10^' depth of about 25' to 30' 

Kptg; (D2). As window height 

inereases, depth increases 
at a ratio of 1 to 3. 

(a) Window width: To get 
even light distribu¬ 
tion. a window opening 
should be at least hall 

_ as wide as the length of 

• ' * — its wall. 

(b) Window area: The 
following areas light 

0-~i 1500 SF of floor area. 

ifVffip':'' Each lighting category 

V (see p. 566) incrcas- 

' ingly needs more light 

and thus greater win¬ 
dow area. 


Window area in SF (to light 1500 SF of floor) 


Category 

Sunny 


Cloudy 

A 

10 

to 

25 

B 

25 

to 

55 

C 

55 

to 

100 

D 

100 

to 

250 

E 

250 

to 

500 

F+ 

500 

to 

1000 


To light larger (or smaller) floor areas, as window area 
increases (or decreases), floor area increases (or decreases) at 
same ratio. 
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EXAMPUE 


CATEAPKV A, ^-LOUpY, FUX>IZ AREA 7& ■%000'Tr, 


■5000 


/. ~ 60 -&F pf VVlMPOW 


Toplighting 

_ (1) Rough rules of thumb: 

Skylights: 5% to 10% (max.) of ceiling 

area. Space at 1 to 2 times 
ceiling-to-workplane height. 
Clearstories: 10% of wall area. Space 1.5 
times ceiling-to-workplane 
height. At a point 15' from 
rear wall: 

For overcast sky (1500 fc) 
climates, provide 15" of 
glazing height per 10 fc on 
average workplane. 

For clear climate (5000 fc), 
provide 2 ". 

_ (2) Establish desirable illumination levels from 

p. 566. 

_ (3) Sizing toplighting: 

_ (a) Spacing of skylights and clearsto¬ 
ries can be roughly determined as 
follows: 

(;') Small skylights at 10' ceiling 
height (H) should be spaced 
at 10' (S). Greater (or less) 
height to spacing can be 
determined by a ratio of 1 
to 1 (i.e.,30' His30' S). 

(ii) Clearstories at a 13.5' ceil¬ 
ing height (FI) should be 
spaced at 20' (S). Greater 
(or less) height to spacing 
can be determined by a 
ratio of 1 to 1.5. 

( iii ) Large skylights (larger 
than 30 SF) at a ceiling 
height of 15' (FI) should be 
spaced at 30' (S). Greater 
(or less) height to spacing 
can be determined by a 
ratio of 1 to 2. 
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( b ) Area of glazing: The following top- 
light areas light 1500 SF of floor 
area. Each lighting category (see 
p. 566) increasingly needs more 
light and thus greater light area. If 
toplighting is by clearstory and 
other than south facing, double 
glass areas. 


Window area in SF (to light 1500 SF of floor) 


Category 

Sunny 


Cloudy 

A 

2.5 

to 

6 

B 

6 

to 

12 

C 

12 

to 

25 

D 

25 

to 

60 

E 

60 

to 

120 

F+ 

120 

to 

250 


To light larger (or smaller) floor areas, as glass area increases 
(or decreases), floor area increases (or decreases) at same 
ratio. 


EXAMPLE. 

CATEOOFtY A , CLOU 17Y, 
<£> _ X 

1500 = 3000 


3000 OF FLOOK AREA 
X ~ 12 OF -Tor LWJrtT AKEA 


Combined side and toplighting can be used to distrib¬ 
ute daylighting deeper into the interior than is pos¬ 
sible with just sidelighting. Recommended spacings as 
shown: 
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g. Estimating illumination (daylight factors methods) 

_ (1) Determine available daylight based on sky 

conditions (in fc on horizontal surface) 
and time of day: 



Noon 

8 AM or 4 PM 

Clear Sky 

Summer 

Spring/Fall 

Winter 

10,000 to 9000 

8500 to 7250 

5750 to 4000 

5250 

3750 to 3500 
2500 to 1750 

Partly Cloudy Sky 

Summer 

Spring/Fall 

Winter 

7000 to 6000 

5500 to 4500 

3000 to 2500 

3250 

2250 to 2000 
1250 to 1000 

Overcast Sky 

Summer 

Spring/Fall 

Winter 

4250 to 2750 

2500 to 1750 

1250 to 1000 

2000 to 1500 
1250 to 1000 
500 


Note: Higher numbers are for lower latitudes (32°N and less). 
Lower numbers are for higher latitudes (44°N and more). 


(2) Calculate the “daylight factor” which ends 
up being a percentage applied against sky 
illumination available. This factor is based 
on a number of design variables, as follows: 
_ (a) Top lighting 


Factor = 


(F) x (U) x (Ag) 
Af 


where F = the window factor, given the 
amount of skylight incident 
on the roof. F is equal to 1 
for an unobstructed site. 

U = the coefficient of utilization- 
ratio of light reaching the 
reference plane. 
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Average 

Interior Reflectance 


U Values 50% 20% 


Monitors 

horizontal to 30° 0.4 0.3 

Monitors at 60° 0.25 0.2 

Vertical monitors 0.15-0.2 0.1-0.15 


Ag = area of glazing 
Af = area of floor 

_ (b) 


where 


Multiply sky illumination in (1) above by 
the daylight factor from either top lighting 
(a) or side lighting (b) to get illumination in 
fc on work plane. 

Note: This method is mainly designed for 
overcast sky conditions, so the “cosine” 
method (see p. 565) may be best for direct 
sunlight. 


Side lighting 

10 WH 2 

Factor = - 


4GR 


D(D 2 + H 2 ) F(1 - R) 

F = floor area 

H = height of top of window above 
reference plane. 

W = width of window 
D = distance of window to refer¬ 
ence point. 

R = reflectance of walls in % (see 
P- 432) 

G = net area of glass 
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£KY MlftHTNtM VALUE* 
comm? WITH THE£0*lN£ 
EFFECT OF ORIENTATION CAN 
&E U*£D TO ESTIMATE *i/R- 
FAOE &RI&HTNE** LEVELS. 





Costs: Skylights = $7.20 to $220/SF (at average, 80% M and 20% 
L). Lower number is for large-area skylights and vice versa. 
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ESAttpLE: 

f^TlMATe i?AYW6HT7tJ6- 
A1" TM£ 3 n4 

Tne ;u-tWR^Tec7 kooh- 
E^r/MATfc TH£ 15 3KY 
-me 6it£ 
frcmcAt-a, u,, Flense. 
Tpe 3 4£A60 aJ4 AMP 

■2 -nM£6 a pay. 


- WltiOoW^ 


5.6 


" IP* Fi 

ft 1% 


. 

-i- + 

+ + 

> 

/ 

^-2-6’ 

4£<ATIOKl 


3o‘ 




** — 
+ H —* 

T* 

V 

t 

^ 


PtAixl 


ViiMPoWA 

SfiPLUTIOSl: 

3. AVA(U4i?l£ lU-yMi/JAriosj F^f? C*)CA6>0, At LAfiTyoS 

4-!‘ , '5> 4 ^u*/<f4ee AfP£>, 1 r£M3A 4 K, ?,&At') 

Wot/u? tj-e th-£ UPWeZ. MI(5PL£- ^ -n+e /Joneses OfO 

P, 322, A43</mb; 




2-AM 4 A PM 

<iLeAie 4*Y 

A^yMMee 

32o0 FA 

3Z50 FA 

ASmO^/ FAu- 

"7 3oo Pa 

36x90 Pi 

WfMTgfZ. 

4-Zoo pa 

f 090 PA 

FaZ-TlI £looo*( AiiY 

3wlM&iz, 

<2>Zoo PA 

32 Fa 

4FfziM& / Paw- 

AT 00 pa 

2(00 Pa 

WiMTejS 

"26>00 PA 

iooo pa 

CH&Zcaw 4k Y 

A’YMMee. 

2000 pi 

(600 PA 

4>PPiM6- / PAW- 

(0OO PA 

r / 00 fa 

WlMTefS- 

/ 1 OA> PC 

3oo FA. 

ATEue^T feeiAK+r&->r a 

4UMMEP/ MaOkJ =• 4200 FA. 


^?&-eoc C>\ /nrne47 ' WnJt'sfc, SAm 4-P«: ‘booPc 
Avih/iws Tf+e-^e. rw« syrge^te-A 


'2< PA'/iAM'f PAcrot- pi j£- vJi^oovJ "A>toe. u6rtTth& 1 - 
pr - I^WH 1 + 4- 6r£ 

OtP 2 - +H' Z ) p C i'K) 


- 6atJT/tJutsc?~ 
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wn&t?e : F 1 y 

H =■ 3.3 ! 

W - + 3* 

t7 ' Pi P-fc'V, P-3 = n' 
6r- 3 - 1 ?‘ V 4-3' ~ / 2+7- *b 4F 
P 1 AAAiJMS 3A y. 


F c IP C 43) 0.3*) + 

4 C-Z47-3) f39> 

* n) ( t7* -f 

j OOP £ ! - 39) 

F S Pi « i 15-6 = 1-1%. 

P* ' \f.U - . (46 

P*=- 3-3 - -953 


IU-i/M/kJAT/OkI s AVAiAtftwE F/n'wgHT of Woo Fc % 

<?0O TO X F-te-TAT^ 1 

WoorJ W/fjnaz .,am 4 fm 

P-i IA6PO FA * 

373 FA”* 

P-2 I 3 4o fa 

P- 3 3^2 FA 

73 3i 
^<3 3 a 


* Axe thah -rwg 

AVAllAfr^ C?AYU6rtT / 'MX6 4/3 '/• OF A\MllA4b£ jJMV - 

MfeHT .’ 2>2#9 Ft 45/3 FA 


* IF TT+£ WWOoW <4? F4AHJ6- AOUfH, 1>& |U.uM/»JAT<.3<0 WIU, 

s^g. 7PA e>£/<*nr Cat i##bir at F-0 AfJc? g4/*>£3 <fo/e 

^P^A/At- AtAAS.) U//M- W4V& Tit -Se. t/S&P (|J ^omwgK.. 

* IF TMe WlrJQOW I4> FAAfrJA- MpETH, THg AfcgAK. A’KV (ffe' 
4^tr4=> APe itslv/tnc?. y-3F F'Agnvt ludowI oouornatie., 

* Tpg- P-3 PoAlTts^ If4 WiiTTe-J?. WUA fftpftAfcuf HrtvS- 
EHOOAftT ' NATURAL-' lU^MfiJATiorO, 49 EAeATftg. UAKTMA 
WIU, WAi/g To 3£- APPfeao Aw»J6- "Tit-e PeA«-WAw— 









NOTE 
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3. Electric (Artificial) Lighting 



For energy conservation, see p. 193. For site-lighting costs, 
see p. 265. 

_ a. Lamp types 

_ (1) Incandescent lamps produce a warm light, 

are inexpensive and easy to use but have 
limited lumination ver watt (20 to 40) and a 
short life. Normal voltage lamps produce a 
point source of light. Most common shapes 
are A, R, and PAR. Low voltage lamps pro¬ 
duce a very small point of intense bright¬ 
ness that can be focused into a precise beam 
of light (for merchandise or art). These are 
usually PAR shapes or designed to fit into a 
parabolic reflector. Sizes are designated in 
Vs inch of the widest part of lamp. Tungsten- 
Halogen (quartz) and low voltage are a spe¬ 
cial type of incandescent. Quartz is another 
type of incandescent that has high-intensity 
white light with slightly longer life. 

_ (2) Gaseous discharge lamps produce light by 

passing electricity through a gas. These 
lamps require a ballast to get the lamp 
started and then to control the current. 

_ (a) Fluorescent lamps produce a wide, 

linear, diffuse light source that is 
well-suited to spreading light 
downward to the working surfaces 
of desks or displays in a commer¬ 
cial environment with normal ceil¬ 
ing heights ( 8' to 12' ). Lamps are 
typically 17, 25, or 32 watts. The 
deluxe lamps have good color-ren¬ 
dering characteristics and can be 
chosen to favor the cool (blue) or 
the warm (red) end of the spec¬ 
trum. Dimmers for fluorescents are 
expensive. Fluorescent lamps pro¬ 
duce more light per watt of energy 
(70-85 lumens/watt) than incandes¬ 
cent; thus operating costs are low. 
The purchase price and length of 
life of fluorescent lamps are greater 
than for incandescent and less than 
for HID. Four-feet lamp lengths 
utilize 40 watts and are most corn- 
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mon. Designations are F followed 
by wattage, shape, size, color, and a 
form factor. 

(b) High-intensitv discharge (HID) 
lamps can be focused into a fairly 
good beam of light. These lamps, 
matched with an appropriate fix¬ 
ture are well-suited to beaming 
light down to the working place 
from a high ceiling (12' to 20'). 
Dimming HID lamps is difficult. 
The lamps are expensive but pro¬ 
duce a lot of light and last a long 
time. If there is a power interrup¬ 
tion, HID lamps will go out and 
cannot come on again for about 10 
minutes while they cool down. 
Therefore, in an installation of HID 
lamps, a few incandescent or fluo¬ 
rescent lamps are needed to provide 
backup lighting. Since they operate 
at high temperatures, they would 
be a poor choice for low ceilings, 
wall sconces, or any other close- 
proximity light source. They would 
also be a poor choice in assem¬ 
blies and other occupancies where 
power outages could cause panic. 

_ Mercury vapor (MV; the bluish 

street lamps). Because they 
emit a blue-green light, they 
are excellent for highlighting 
foliage, green copper exteriors, 
and certain signage. Deluxe 
version is warmer. 35 to 65 
lumens/watt. This is not much 
used anymore. 

_ Metal halide (MH) are often ice 

blue cool industrial-looking 
lamps. Deluxe color rendering 
bulbs are 50 to 400 watts, and 
almost as good as deluxe fluo¬ 
rescent for a warmer effect. 
Efficiency is 80 lumens!watt. 
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_ High-pressure sodium (HPS) 

produces a warm golden yellow 
light often used for highways. 
Bulbs are 35 to 400 watts. De¬ 
luxe color rendering is almost as 
cool as deluxe fluorescent for a 
cooler effect. Efficiency is 100 
lumenslwatt. 

_ Low-pressure sodium (LPS) 

produces a yellow color which 
makes all colors appear in 
shades of grey. They are ex¬ 
cellent for promoting plant 
growth indoors. Bulbs are typi¬ 
cally 35 to 180 watts. Used for 
parking lots and roadways. 
Efficiency is 150 lumenslwatt. 
(c) Cold cathode (neon) has a color 
dependent on the gas and the color 
of the tube. Can be most any color. 
Does not give off enough light for 
detailed visual tasks, but does give 
off enough light for attracting atten¬ 
tion, indoors or out. 
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COMMON LAMP SIZE.6 4 SHAPEA 

LAMP 6HAPE. lamp <5ite (N06 - diameter* in %“ ) 

TYPE- P&3ICNATION J Q F MV MH HP IF 



15.25, _ - 23 - - - 

- - Z3-& 17-37 25 - 

- - - 17-37 - 17-37 - 

16-40 ------ 

6-21 3-5 15 10 17-21 

- 37-56 37-56 - 

14-40 12-30 - 40-40 40-60 - 

30-40 ------ 

lfe-64 16-64- - 36 38 36 

BEAM 5PREAP5 IWie FROM 5° ro 150° 

- 11-16 - 


57RA16HT me A . .!> : 


COMPACT 
DOUBLE-ENPEP q= C > Q 



8-10 - 5- 

6=24" L*4-%" 


17 


- q-4o 


- 3-6 - 

6=4-10" 


- 6-ft — 

1 = 4-14 


|. LAMP 6HAPE t?E6l6NATION5> J A = AK&tTRAKY OR 6TANRAKP, 
e = ELONOATEP, to » ELLIP501CAL-, « = &60BE, R = REFLECTOR, 
ER = ELLIPTICAL REFLECTOR, PAR = PAKA&OUG ALUMINIZEP 
REFLECTOK, T = TU&ULAR, tT = BLOWM TU&E, MR= MULTI FAC¬ 
ETS? KEMECTOK (6MACL QUARTS CAfHXZ lM A FAC STEP 61A64. REFLECTOR), 
2. LAMP TYRE P£6lONATIPN^i J = INCAMPE6CEMT, Q = QUARTZ, F a 
FLUORESCENT, MV = MERCURY VAF&R, MH - METAL HALIPE, HP = 
Hl&H PRECISE -5001UM, UP a LOW PR6&&UR£ SOP1DM, 
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b. Types of reflectors: 


eW,lP$6 PARABOLA HYPERBOLA 



COH'J&K&IHG RAV<s> PARALLEL RAY£ PiveR&iNG RAV€> 


INTRINSIC- 

Jm 

DIFFUSE. RAYS> 





TYPE-5 Of REFLECTORS 


c. Lighting systems and fixture types 

Note: Costs include lamps, fixture, and installation 
labor, but not general wiring. As a rule of 
thumb, fixtures are 20% to 30%, and distri¬ 
bution (not included in following costs) is 
30% to 70%. 

_ (1) General room lighting 

A large proportion of commercial space 
requires even illumination on the work¬ 
place. This can be done a number of ways. 

_ (a) Direct lighting is the most common 

form of general room lighting. 
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o - \o% 

<\0-\00°/o 


All recessed lighting is an example 
of a direct lighting system, but a 
pendant fixture could be direct if it 
emits virtually no light above the 
horizontal. Unless extensive wall 
washing, or high light levels (as 
with fluorescent for general office 
lighting) are used, the overall im¬ 
pression of a direct lighting system 
should be one of low general 
brightness with the possibility of 
higher intensity accents. 

A guide to determine max. spac¬ 
ing is the spacing-to-mounting- 
height ratio. The mounting height is 
the height from the working place 
(usually 2.5' above floor) to the level 
of the height fixtures. Note that the 
ratio does not apply to the end of 
oblong fixtures due to the nature of 
their light distribution. 


SpaCiT ’ 8 = ( MH 


x (Mounting Ht.) 
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EXAMPLE ; 

VJrtAT I-5> AW AVFISA6E. FUttfRE^^gidT FlxTUf?e. |(= 

'Tft’fi (■S’ V amf Tne Vmh fat<o i* i+> <?-ts l-6> ? 

- t [■*>)<.*z' A-" 7 ^' 

^=\y; <cd 


Types of direct lighting are: 

Wide-beam diffuse lighting is often 
fluorescent lights for normal ceiling 
heights (8' to 12'). The fixtures will 
produce a repetitive two-dimen¬ 
sional pattern that becomes the 
most prominent feature of the ceil¬ 
ing plane. Typical S/MH = 1.5. 

Typical recessed fluorescent fixture: 



Costs: 2' x 4' = $100 to $170/ea. (85% M and 15% L), variation of 

-10%, +20%. 

2' x 2' = 10% less 
1' x 4' = +10% more 


Medium-beam downliehtine is pro¬ 
duced with a fixture located in or on 
the ceiling that creates a beam of 
light directed downward. In the cir¬ 
culation and lobby areas of a build¬ 
ing, incandescent lamps are often 
used. For large areas, HID lamps 
are often selected. In both cases the 
light is in the form of a conical 
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beam, and scallops of light will be 
produced on wall surfaces. 

S/MH is usually about 0 .7 to 1.3. 


Typical fixture: 



4" TO 24" 


Cost: (per ea. fixture) (Variation of -10 to +35%). 



Res. 

Comm. 





Low voltage: 

$180 

$365 

(85% 

M 

and 

15% 

L) 

Incandescent: 

$75 

$365 

(90% 

M 

and 

10% 

L) 

Fluorescent: 

$150 

$335 

(85% 

M 

and 

15% 

L) 

HID: 

$180 

$550 

(80% 

M 

and 

20% 

L) 


_ Narrow beam downliehts are often 

used in the same situation as above, 
but produce more of a spotlight 
effect at low mounting heights. This 
form of lighting is used to achieve 
even illumination where the ceiling 
height is relatively high. S/MH is 
usually 0.3 to 0.9. Typical fixture 
same as above. 

Cost: Same as medium-beam downlighting above. 

_ ( b ) Semidirect lighting 




10 -4-0% 

(oO-QOVo 


e£MlCMRfcCT 
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All systems other than direct ones neces¬ 
sarily imply that the lighting fixtures are in 
the space, whether pendant-mounted, sur¬ 
face-mounted, or portable. A semidirect 
system will provide good illumination on 
horizontal surfaces, with moderate general 
brightness. 

Typical fixtures: 



£ POT 
PENOANT 

(INCANDESCENT 
OK COMPACT 
FLUORESCENT) 

TO 4«" 


Costs: Fluor.: $395 to $920 (90% M and 10% L) 
Pendant: $180 to $550 (90% M and 10% L) 

_ (c) General diffuse lighting 



CrE.NE.RAL 

o IFF06£ 



4 o-Go% 

40-60% 


A general diffuse system most typically 
consists of suspended fixtures, with pre¬ 
dominantly translucent surfaces on all sides. 
Can be incandescent, fluorescent, or HID. 

Typical fixture: see sketch above 

Costs: $90 to $670 (90% M and 10% L) 
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( d ) Direct-indirect lighting 



OIR.ECT- INDIRECT 


A direct-indirect will tend to equally 
emphasize the upper and lower horizontal 
planes in a space (i.e., the ceiling and floor). 

Typical fixture: same as semidirect 

Costs: Same as Semidirect. 

_ (e) Semi-indirect lighting 
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A semi-indirect system will place the 
emphasis on the ceiling, with some down¬ 
ward or outward-directed light. 

Typical fixture: 



TO IS 11 


^v to" ^ WALL 

sconce 


L -6>TOg} 


Wlp) 



PLKPANT- UP 


Costs: Wall sconce: $215 to $920 (90% M and 10% L) 
Pendant: $425 to $2695 (85% M and 15% L) 


( /) Indirect lighting 



INDIRECT 




q O - I OO Vo 

o - to % 


A fully indirect system will bounce all the 
light off the ceiling, resulting in a low- 
contrast environment with little shadow. 


Typical fixture: Same as Direct-Indirect. 
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Costs: Same as Direct-Indirect. 

Note: ADA requires that, along accessible 
routes, wall-mounted fixtures protrude no 
more than 4" when mounted lower than 
6'8" AFF. 

_ ( g ) Accent or specialty lighting 



Used for special effects or spot lighting, 
such as lighting art objects or products on 
display. 

Typical fixtures: _ 

& 

re CEeee-P 
track accent 

Costs: Track: $100 to $550 (90% M and 10%L) 

Recessed accent: $180 to $1225 (80% M and 20% L) 

_ d. Simplified calculations 

_ (1) For estimating light from one source (such 

as a painting on a wall lit by a ceiling 
mounted spot) use the Cosine Method 
shown on p. 565. 

_ (2) For general room lighting use the Zonal 

Cavity Method. 
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ZONAL CAVITY CALCULATION MS-THOP FOR gSNfcftAL U&jfflKfr 


_ K£DM canitt _ 05 ) (H) (length t wipth) 

RM. RATIO 626 FU LENGTH x WlCTH 

OA/rrY 

HT H = HB<W FROM THE WORK FLAM C2.B FT- ASCNE 
~ $ i FLC&e.) TO I2PTT0M OF LJ£HT F!XTt!Re<B. 

L&NOTH £ WIFTH = ROPM PIMSNBtoNB 

NUM 06 ^OF = <FcerroANPEEB) x c areaof f.cc m) 

Fixture* (lumen* per fixture) x Ccu) x (maiNT falte’E) 

FO0TCANPL&& - T'w&.o&^es.v ILLUMINATION OnI THE WUEK. PLANS, 

see Rapt a. 

lumen* per Fixture = (lumen* per lamp) *( mumper of lamp* 

IN THE Fixture), 

CU = COEFFICIENT Op imuTATION 

THE COEFFICIENT OF UTILIZATION EXPRBE&C* THE EFFICIENCY 
OFTHE U<SHT FIXTURE ROOM COMBINATION, ITJ*i 7 EFtSNPENr 
UN FIXTURE EFFICIENCY, PfSTW&UTION OF UOHT FROM THE 

Fixture, Room -shape, anpkmm surface reflectance*-, 

LlifHT FIXTURE MANUFACTURER* FWT TABLE* U4TlN6r THE 
CU AAA FUNCTION OF RCCM CAVITY RATIO ANP F5CK>M *£FAc& 
REFLECTANCE* FL>REACW /NOVIEVAc UcHIT FIXTURE, BEE 
NEXT PAOE, 

MAINTENANCE FACTOR = YAKIE* FTROM o,g* TO C 7 .<&* , THE MAlNt 
FACTOR AP-MCT* THE CALCULATION FOR THE FACT THAT LA MIFF 
PROFILE Eg** U 6 HT AA,THeY <#ET OU70Z ANL 7 FIXTURES 
(Set FIRTV ANL 7 REFLECT LEE* UCHT OUT OF THE BXTURE, 


_ B M 


*6 LI6HT fixture* 

a 

_WOEtpEAtljE _ 

A 

' 
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TYPICAL COVr FI£l£NT£ 0? UTIUXAT1 OK 



INCANPE5C&MT PATTERN poWWLi«fT 

FtCOM TYF£ 

Hi4H RepL. FW 

LOW REFL. PiM. 

TV/? SMALLER RMS 

(Hop. Low £l*a.) 

o. 7 o ro o so 

<?.£<? tO 0.70 

-ryr? 

ffgLAfimY WGlCUr. 
RglA-nVE.LV W?WO& 

to o.*io 

O BO T« 0-65 
0.55 IP 0.50 


FUtoR65C£NT, 1x4, (PRISMATIC L6W5) 

Room type 

HISH REFL. Fth). 

LOW R 6 fL. FlW, 

TYP. 5MALL6R RMS 
(MOP LOW 4L'<5-.) 

0.5*To <>4* 

a 96 r<? 

-TVp. LAtofcli 
Keun^ELV Hi** at 
RfetATtvfeW LovfCVO. 

0, 50 To 0.40 
p.LO To 0.10 

0.+* T00.*0 
o.b*i* 0.60 


FuioResoe-WT, -Z*+, (Parasoli^. Louye^ 

ROOM TYPE 

HI^H fte.fL.Fthf. 


TYP SMALLER RM« 
(Me<7. LOW OL'OS.) 

o. Jo To 0.45 

<7.75 TO 0.35 

tyr L4R0SR RMS. 

R£LATrV£LY H(44 tit 
RetATVEuY lowll'a 

0.55 TO 0.65 
0.65 TO 0.75 

0.4* 1&0.S5 
tfo** to 0.65 


Pluoreslewt batterw of ixoiReoY LtowriwS. 

Room Type 

WISH *BF L. FiW. 

LOW REFL. BW. 

-TYf* 

6*09. L**/ CL'6>*) 

0.55 To 0.50 

0.(5 TO 0.10 

TYP LAR4RR RM* 
seiA-nyety mat to. 

RlLATirSL-r LOW LL'A 

A40 n? <7,4>fr 
*0 0.1* 

tb 6.50 

0.50 T9 o.*o 


H.I.G PATTERM OP INP/R 6 CT U5WT»fJ6- 

Room -tyirs. 

t4t&t flBFL. fthJ. 

UW teFL.FIW. 

TYP smaller rms 

CHOP. LOW <LL'4-S> 

OSI& To 0.*S 

0 .o£ fb o.i*» 

TYP, LAR«e RMS 
RSLATi ysly mm du 
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EX*MPL.e> : 
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e. Exterior lighting: As with all exterior lighting, avoid 
light spill onto adjacent property and night-sky pol¬ 
lution. 

_ (1) Parkins lot lighting: Space 4 times pole 

height for range of 0.8 fc to 3.6 fc. 



HIGH M A&X 5H OS&OX OR DECORATIVE 

COBRAHEAP LUMINAIRE 
ON MAST ARM ON POLE 


(2) Landmark lighting is the lighting of build¬ 
ing facades, monuments, or other promi¬ 
nent objects. This is most effective if the 
object is light in color, rough, or varied in 
texture, and has a dark surround. Possibili- 
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ties are scalloping (10-20° angles) or graz¬ 
ing (1-5° angles). 

(3) Landscape and pathway liehtine: For public 
plazas, space short poles or bollard lights at 
about 4 times their height. At walkways in 
landscaping, place lights at terminals such 
as walk corners, steps, landings, overlooks, 
and transitions. Place pathway lights at 15' 
to 30' along walking surface, using narrow 
cone downlight. Place lights within land¬ 
scape area for best visual effect. 
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COMMON EXTERIOR LISMTIN6 

TYPE USE 



WALK WAV AMP RATH WAY 
USHTiNGr. ATYPICAL BOL¬ 
LARD IS - 4ft" HIGH 4 
OSES A LAMP RANGING FROM 
A0OOT SS WATT TO ICO WATT 
HIE 


STEP LIGHTS 



WALKWAY ANp STAIRWAY 
UGHTIN6- FROM ADJACENT 
SI PE. WALLS, THE LIGHT 
IS MOUNTED* AT OK BELOW 
THE KAIL HEIGHT 


WELL U6HTS, DIRECT 

&URIAL. UGHTS 




illumination of trees 4 

STRUCTURES FROM BELOW 
FROM CONCEALED UPW6HT5*. 


A WIDE VARIETY OF LOW 
LEVEL LIGHTS, SUCH AS PATH, 
PLANTER B6R AND WALL WASH 
LIGHTS AND UPLIGHTS IN SEV¬ 
ERAL STYLES, FOR RESID¬ 
ENT! AL LANDSCAPES, MOST 
LIGHTING- SYSTEMS ARE LOW 
VOLTAGE CTYiri2V;„ 
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DAYLIGHT 



FRO NT LIGHTING S1DELIGHTIN& 
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3 . POWER AND TELEPHONE 



For Energy Conservation, see p. 193. For Costs, see App. A, 
item K. The architect needs to contact the utilities early to 
verify power availability and type. 


1. Electrical Power 



a. Water analogy (an electrical circuit) 

1 volt = Force needed to drive a current of 1 amp 
through a resistance of 1 ohm. 

1 watt = Rate at which electrical energy is consumed 
in a circuit with a force of 1 volt in a current 
of 1 amp. 

b. Basic formulas 

_ Power formula: Watts = volts x amps 

Used to convert wattage ratings of devices to amps. 
Wires and circuits are rated by amps. 

_ Ohm's law: 

volts 

Amps =- 

ohms 

Devices may draw different amperage even though 
connected to the same voltage. 

c. Modern electronics and computers are increasingly 
having an impact on building design, requiring more 
space than ever. 

d. A building’s electrical system has three general parts: 
service (where the power enters and is regulated), dis¬ 
tribution (the network of wires that carry power to all 
parts of the building), and circuits (where the energy 
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is utilized). An electrical system may be classified as 
small, medium, or large. As a rule, provide 20% to 
30% of breaker space for future expansion. 

_ e. Building power systems consist of: 

_ Transformer to reduce voltage from utility 

power grid. Exterior ones should ideally be 20' 
away from the building. 

_ Main switchboard (sometimes called service 

entrance section or switchgear) with main dis¬ 
connect and distribution through circuit break¬ 
ers or fused switches. 

_ Subpanels and branch circuits to distribute 

power throughout building. 

More detailed description based on building size: 

_ (1) Residential and small commercial buildings 

typically use 1201240 volt, single-phase 
power, at 60 to 200 amps and one or two 
panel boxes. 

_ (a) Transformers are pole mounted 

(oil cooled, 18" dia. x 3' H) or for 
underground system, oil or dry type 
pad mounted on ground. Both out¬ 
side building. 

_ ( b ) Main switchboard usually located 

at power entry to building and typ¬ 
ically sized at 20" W x 5"D x 30" H. 

_ (c) Branch circuits should not extend 

more than 100' from panel. Panel 
boards are approx. 20" W x 5" D x 
30" to 60" H. The max. no. of break¬ 
ers per panel is 42. 

_ (d) Clearance in front of panels and 

switch boards is usually 3' to 6'. 

_ (2) Medium-sized commercial buildings typi¬ 
cally use 1201208 V, 3-phase power to 
operate large motors used for HVAC, etc., 
as well as to provide 120 V for lights and 
outlets. Service is typically 800 to 1200 
amps. 

_ (a) Transformer is typically liquid- 

cooled, pad-mounted outside build¬ 
ing and should have 4' clearance 
around and be within 30' of a drive. 
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The size can be approximated by 
area served: 

Area No. res. units Pad size 

18,000 SF 50 4' x 4' 

60,000 SF 160 4.5' x 4.5' 

180,000 SF 8' x 8' 


_ ( b ) Main switchboard for lower voltage 

is approx. 6'Wx 2'D x 7'H (for 
2000 amps or less or up to 70,000 
SF bld’g.). Provide 3' to 6' space in 
front for access. Fligher voltage 
require access from both sides. 3000 
amps is usually the largest switch¬ 
board possible. 

_ (c) Branch panels: For general lighting 

and outlets is same as for residen¬ 
tial and small commercial except 
there are more panels and at least 
one per floor. The panel boards are 
generally related to the functional 
groupings of the building. 

For motor panels, see large build¬ 
ings. 

(3) Large commercial buildings often use 
2771480 V, 3-phase power. They typically 
purchase power at higher voltage and step 
down within the building system. Typically, 
electrical rooms are required, ideally with 
two exits (one to the outside). All large 
electrical components require 3.5' in front 
and side, 2.5' at rear, and 3' above, for clear 
access. 

_ (a) Transformer is typically owned by 

the building and located in a vault 
inside or outside (underground). 
Vault should be located adjacent to 
exterior wall, ventilated, fire-rated, 
and have two exits. Smaller dry 
transformers located throughout 
the building will step the 480 V 
down to 120 V. See below for size. 

_ ( b ) Main switchboard is approx. 10 to 

15' Wx 5'D x 7'H with 4' to 6 main- 
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Commercial 

building 

tenance space on all sides. Typical 
sizes of transformer vaults and 
switchgear rooms: 

Residential Transformer Switchgear 

building vault room 

100,000 SF 
150,000 SF 
300,000 SF 
1,000,000 SF 

200,000 SF 20' x 20' x 11' 30' x 20' x 11' 

300,000 SF (30' x 30' x 11' combination) 

600,000 SF 20'x 40'x 11' 30'x 40'x 11' 

2,000,000 SF 20' x 80' x 11' 30' x 80' x 11' 


Over 3000 amp, go to multiple ser¬ 
vices. XFMR vaults need to be sep¬ 
arated from rest of the building by 
at least 2-hr. walls. 

(c) Branch panels 

_ Panels for lighting and outlets 

will be same as for medium¬ 
sized buildings except that they 
are often located in closets 
with telephone equip. The area 
needed is approx. 0.005 x the 
building area served. 

_ Motor controller panel boards 

for HVAC equip., elev’s., and 
other large equipment are often 
in (or next to) mechanical 
room, against a wall. A basic 
panel module is approx. l'W x 
1.5'D x 7'H. One module can 
accommodate 2- to 4-motor 
control units stacked on top of 
one another. Smaller motors in 
isolated locations require indi¬ 
vidual motor control units 
approx. l'W x 6"D x 1.5'H. 

(cl) Other: In manv buildings an emer- 
gency generator is required. Best 
location is outside near switchgear 
room. If inside, plan on a room 12'W 
x 18' to 22'L. If emergency power is 
other than for life safety, size 
requirements can go up greatly. In 
any case, the generator needs com¬ 
bustion air and possibly cooling. 
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f. Miscellaneous items on electrical 

_ (1) Circuit symbols on electrical plans 


M 0, Of "TICK" 
MARK* IHPI6ATE 
N». Of WKES>^ 

inpicate^ 
ci^oit 



"Home rum" 
T<9 panel 


d) SlKfcSiE PKsCrAjLe 
PUPLEX PE£EPTA£t£ 
POO0LE POPLEX 

6 Water pejsof 


gS’““ 

W Repr. ootlzt 


LINE toNPW.TZ’P. 

EQUIPMENT (SftWNPlMS- 

coNP^rofR 


i PUPLEX W/ 

'iSRounp Fault' GFO 


(2) Lightning protection: As a rule, a tall build¬ 
ing should have at least 2 lightning rods on 
its roof, with special conductors down to 
ground terminals. 

(3) For fire alarms, see p. 524. 

(4) Residential 


_ ( 



Service drops (overhead lines) 
must be: 

_ 10' above ground or 

sidewalk 

_ 15' above driveways 

_ 18' above streets 

_ ( b ) A min. of 1 wall switch 

controlling lighting outlets 
required in all rooms (but 
convenience outlets may 
apply in main rooms). 

_ (c) All rooms require a conve¬ 
nience outlet every 12' 
along walls, 2' or longer. 

_ ( d ) Provide sufficient 15- and 

20-amp circuits for min. 
of 3 watts of power! 
SF. One circuit for every 
500 to 600 SF. 

(e) A min. of two #12 wire 
(copper), 20-amp small ap¬ 
pliance circuits required 
pantry, dining, family, ex¬ 
tended to kitchen. 
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(/) A min. of one #12 wire, 20- 
amp circuit required for 
laundry receptacle. 

(g) A min. of one receptacle 
per bathroom with ground 
fault circuit interrupter 
protection (GFCI, re¬ 
quired within 6' of water 
outlet and at exteriors). 

(h) A min. of one 20-amp out¬ 
let (GFCI) required in 
basement, garage, patios, 
kitchen counters, wet bars, 
and crawl spaces. 

(i) Provide smoke detector. 
See p. 84. 

(/) Mounting heights: 

Switches, counter recepta¬ 
cles, bath outlets: 4' AFF 
Laundry: 3'6" AFF 
Wall convenience outlets: 
12" AFF 


(3) For outlets and controls required to be HC 
accessible, per ADA, place between 18" and 
4’ AFF. 


(4) Always check room switches against door 
swings. 

(5) Check flush-mounted wall panels against 
wall depth. 

(6) Building must always be bonded and 
grounded by connecting all metal piping to 
electrical system, and by connecting electri¬ 
cal system into the ground by either a 
buried rod or plate outside the building or 
by a wire in the footing (UFER). 

(7) Consider lightning protection by a system of 
rods or masts on roof connected to a sepa¬ 
rate ground and into the building elect, 
ground system. 
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Costs (30% M and 70% L): 

Outlets including wiring: 

Residential: $50-$80/ea. 

Commercial: $60-$90/ea. 

Hospital: $70-$100/ea. 

_ 2. Buildina Telephone and Signal Systems 

_ a. Small buildings often have a telephone mounting 

board (TMB) of /" plywood with size up to 4' x 4'. 

_ b. Medium-size buildings often need a telephone 

closet of 4' to 6'. 

_ c. Large buildings typically have a 400-SF telephone 

terminal room. Secondary distribution points typi¬ 
cal throughout building (one per area or floor) usu¬ 
ally combined with electrical distribution closets 
(approx. 0.005 x area served). 

_ d. ADA requires that where public phones are pro¬ 
vided, at least one must be HC-accessible (1 per 
floor, 1 per bank of phones). See ADA for special 
requirements. 





e. ADA/ANSI now has requirements on emergency 
signals (called “appliances”) in buildings. Where 
required by code, wall-mounted appliances must be 
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either 6'8" to 8' above floor or 4" to 12" below ceiling. 
For very high rooms, ceiling-mounted appliances 
must be suspended to be no higher than 30'. Corri¬ 
dors must have appliances every 50' to 100' and 15' 
from ends. Rooms must have one appliance unless it 
is not visible everywhere, limited to two, but 80' 
square rooms or larger may require more. 

3. Solar Electric (Photovoltaics) 



a. Photovoltaics produce electrical energy from sun¬ 
light via solar electric panels facing sunlight (direct 
or reflected). Although it is most desirable to face 
these panels into direct sun, they can operate in any 
sky type of light. Batteries store the energy until 
needed, unless supplying the power grid. 

b. About 10% are presently being used for remote 
locations , such as rural houses away from the power 
grid. The other 90% are being used on grid, usually 
due to government or utility subsidies. 

c. The off-grid houses cost about 20% to 30% above 
conventional houses. Of the extra cost, about 55% 
to 60% is due to photovoltaics and the rest for 
added energy conservation features to reduce the 
electric load. 

d. For off-grids, size collector area at about 10% of 
floor area served (7 to 12 watts/SF of panel). For 
retrofits of less efficient homes, double or triple this. 
If the house is also tied into the power grid, then this 
can all be reduced. 
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_ e. Size battery and converter storage area at about 1 

SF for every 12 SF of collector area. 

_ f. Collector area is made up of the PV modules and in 

turn assembled into arrays. This should face south 
with a tilt angle within the range of ±15 deg. of the 
site latitude, and be roof- or ground-mounted. PV 
can also be building-integrated as part of wall or 
roof systems. A typical PV module range is 3' x 5'. 

_ g. Presently there are two types of PV being made: 

_ (1) Crystalline modules require glass protec¬ 
tion in steel frames. 

_ (2) The newer thin films are glass modules or 

lightweight flexible laminates that are more 
durable but sometimes only 50% the effi¬ 
ciency of crystalline (or about 7 watts/SF of 
panel). 

_ h. Other concerns are no year-around shadows on 

panels; keep collector undersides cool; steel-frame 
mounting for wind resistance and, if roof-mounted, 
prevention of leaks. Be sure battery storage is well 
ventilated. 

Costs: PV presently costs about $9/watt (95% M and 5% L), for 
off-grid situations. About half is the cost of the electronics 
and half the cost of structural support. The actual PV sys¬ 
tem for a house costs about $6 to 7/SF of the house area. 
About 10% of this is for the storage batteries, which must 
be replaced about every 6 years. On-grid costs are presently 
at $6 to 7/watt. 
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APPENDIX A: BUILDING-TYPE DATA 


Entries A through L in the tables on pp. 622-635 provide rough costs 
and other useful information, as described below, for the various listed 
types of buildings. 


A. Occupancy type per IBC. See p. 93. 

B. Efficiency ratio: Average net-to-gross ratio as a 
percentage of total. Also see p. 37. 

C. Areas (SF ): Give typical building fl5y (22) 
areas. 

D. Costs {$ISF ): Typical SF costs based on areas in 
item C above. The projects do not include any 
site work or furniture, fixture, and equipment 
costs. See p. 227 for site work costs. 

E. A/E {Architectural/Engineering) fees (% of item 
D): Low figure equals minimal work, whereas 
high equals comprehensive, detailed services. A 
highest quality job may often go up another 5% 
from the high shown. In any case, these are 
rough numbers to begin an estimate of fees. See 
p.3. 

F. FF&E {Furniture, Fixture, and Equipment) costs 
{$/SF) are over and above costs given in item D 
above, and are for items not generally provided 
by the general contractor. These numbers are 
for rough beginning planning. See pp. 456 and 
462. 



@© 

@@ 

@@ 

® 


G. Parking: Although local zoning ordinances will 
give exact requirements, these numbers are 
national standards that can be used for begin¬ 
ning planning. See p. 227. 

H. The average partition density (length of partition 
based on floor area) is on the left. The average 
door density (floor area per door) is on the right. 

I. Fire protection classification designates what type 
of sprinklers to use, when required. See p. 521. 

J. AIC {Air Conditioning) loads are a range, given 
in SF/Ton. See p. 546. 

K. Average mechanical (HVAC and plumbing) 
costs to left and electrical costs to right. Both are 
given as % of total costs (D, above). 

L. Typical power requirements are given in watts/SF. 
Typically, lighting takes 20 to 25% of total power. 
See p. 609. 
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14-000 

nioo 

—D. Costs ($/SF) 


A8-4-P 


—D. Costs ($/SF) 

109 

145 

Itf-Z 

E. A/E Fees (% of D) 

—E. A/E Fees (% of D) 

4- 

n 

n 

F. FF&E Costs ($/SF) 

F. FF&E Costs (S/SF) 

4 

cz 

-24- 

G. Parking 

—G. Parking CffeK I ooo 

_ 

t?.A 


—H. Partition/Door 

—H. Partition/Door 

1. Fire Prot. Class 

i. Fire Prot. Class 


144WT 


J. A/C (SF/Ton) 

'Z&c? 


Zoo 

J. A/C (SF/Ton) 

\oo 


'Zoo 

— K. Mech./Elect. Costs (% of D) 

—K. Mech./Elect. Costs (% of D) 15 '/ H 


<M. €■ 

—L. Power (Watts/SF) 

-z.<? 


25 

—L. Power (Watts/SF) 

'Zo 


25 

_M. Other 

_M. Other 
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l&fJ<% LWKefT 

Low 

Ave. 

High 

4l ue>, HgAuTH 

Low 

Ave. 

High 

—A. Occupancy Type 


M 


A. Occupancy Type 


A-2> 


—B. Efficiency Ratio 

B. Efficiency Ratio 

—C. Area (SF) 


-xx> 


—C. Area (SF) 

MO06 

■znooo 

44-6.se 

—.0. Costs ($/SF) 


W.&o 


—D. Costs ($/SF) 

&& 

|2T 

148 

—E. A/E Fees (% of D) 

—E. A/E Fees (% of D) 

F. FF&E Costs (i/SF) 

—F. FF&E Costs ($/SF) 

G. Parking 

G. Parking 

—H. Partition/Door 

—H. Partition/Door 

J. Fire Prot. Class 

1. Fire Prot. Class 


M«H-r 


J. A/C (SF/Ton) 

J. A/C (SF/Ton) 

\oc> 



—K. Mech./Elect. Costs (% of D) 

— K. Mech./Elect. Costs (% of D1 16/ M 


lo.e/ e- 

—U. Power (Watts/SF) 



24 

—L. Power (Watts/SF) 

-Zo 



_M. Other 

_M. Other 


Low 

Ave. 

High 

C^LtffJ?/ 4>0<2 lAU- 

Low 

Ave. 

High 

A. Occupancy Type 


A-Z. 2,4,5 


A. Occupancy Type 

A--Z 


A-?> 

B. Efficiency Ratio 

B. Efficiency Ratio 

—C. Area (SF) 

4 

^oo 


—C. Area (SF) 

&ooo 

\&ooo 

'ZOO&O 

—D. Costs ($/SF) 

88 

12.0 

13.8 

—D. Costs ($/SF) 

1 o 

\ -*>o 

13>7 

E. A/E Fees (% of D) 

4 

7 

4 

E. A/E Fees (% of D) 

F. FF&E Costs ($/SF) 

18 



—F. FF&E Costs ($/SF) 

G. Parking (dag. 


4.4- 


G. Parking 

—H. Partition/Door 

—H. Partition/Door 

J. Fire Prot. Class 


H4 TT 


1. Fire Prot. Class 


USHT 


t. A/C (SF/Ton) 

i£c> 


•Zoo 

J. A/C (SF/Ton) 




—K. Mech./Elect. Costs (% of D) 

M 


—K. Mech./Elect. Costs (% of D) 18 / M 



—L. Power (Watts/SF) 

'Z.O 


_ 

—L. Power (Watts/SF) 

*2-0 



_M. Other 

_M. Other 
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4444 apm. ( ow 

Ave. 

High 

CoUs&AZ, ^Tvo’&ir U/jiotJ 

Low 

Ave. 

High 

—A. Occupancy Type 




—A. Occupancy Type 

A--> 


A -3 

—B. Efficiency Ratio 


(c& 


—8. Efficiency Ratio 




—C. Area fSF) 

Soooo 

&&OCO 

P5S ooo 

—C. Area (SF) 

444rJO 

BZcco 

123 dec 

—D. Costs ($/SF) 


15-7 

-ZOO 

—D. Costs ($/SF) 

I'll 

164- 

/&■? 

E. A/E Fees (% of D) 

4- 

<s-e> 

“1 

—E. A/E Fees (% of D) 

—F. FF&E Costs ($/SF) 

"7 


'Z& 

—F. FF&E Costs ($/SF) 

7 


-21 

—G. Parking CC&, 'S-f'Jf’cntr') 




G. Parking 

—H. Partition/Door 

—H. Partition/Door 

1. Fire Prot. Class 


U<£-HT 


1. Fire Prot. Class 


U4rir 


—1. A/C (SF/Ton) 

l&O 


'ZOO 

1. A/C (SF/Ton) 

7-00 


boo 

—K. Mech./Elect. Costs (% of D) 14.4/ M 

\e>/ £ 

—K. Mech./Elect. Costs (% of D) Toby. M 

A/ & 

—L. Power (Watts/SF) 

I5> 


ze- 

—L. Power (Watts/SF) 

■Zo 


Zb 

M. Other 

M. Other 

C&UJ&A&, U&oe-fircxZY Low 

Ave. 

High 

££3k4MUWrrV £l£iJ-ri£4Z. 

Low 

Ave. 

High 

— A. Occupancy Type 


B 


—A. Occupancy Type 




B. Efficiency Ratio 

— B. Efficiency Ratio 

—C. Area (SF) 

\%>ac>& 


faOQOO 


WAoo 

1 i&oo 

?,Z.fooo 

—D. Costs ($/SF) 

■ZOl 

Z?4- 

Z76 

—D. Costs ($/SF) 

ie> 6 

167 

I&5- 

E. A/E Fees (% of D) 

— E. A/E Fees (% of D) 

c? 

& 

\-Z- 

—F. FF&E Costs ($/SF) 

VI 


bo 

— F. FF&E Costs ($/SF) 


Id 


G. Parking 

— G. Parking ("ffeiz. i wsf) 

b 

4- 

b 

— H. Partition/Door 

— H. Partition/Door 

— Fire Prot. Class 

—1. Fire Prot. Class 


H6+fT 


1. A/C (SF/Ton) 

\ho 


'2&c> 

1. A/C (SF/Ton) 

1 bo 


TOO 

— K. Mech./Elect. Costs (% of D> TT/. H 


ioz e- 

— K. Mech./Elect. Costs (% of D) \£>Y- M 

A.b/.e. 

— L. Power (Watts/SF) 



2o 

— L. Power (Watts/SF) 



Tb 

_ M. Other 

— M. Other 
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COVZT Hcx&Z. 

Low 

Ave. 

High 

Pfe/Aerviiswr 

Low 

Ave. 

High 

—A. Occupancy Type 


A-Z 


A. Occupancy Type 


M 


B. Efficiency Ratio 


(£>o 


B. Efficiency Ratio 


80 


—C. Area (SF) 

\liao 


l ob ooo 

—C. Area (SF) 

5Aooo 

uiZoo 


—D. Costs ($/SF) 

lZ=j 

l<5-7 

\-rz 

— D. Costs ($/SF) 

B°\ 

8\&o 

1 o£.£o 

—E. A/E Fees (% of D) 

—E. A/E Fees (% of D) 

4- 

£•5 

& 

f. FF&E Costs (S/SF) 




—F. FF&E Costs ($/SF) 

—G. Parking 

G. Parking CPEK icopSP) 4- 


5.e» 

—H. Partition/Door 

—H. Partition/Door 



n‘5FF/ps’ 

1. Fire Prot. Class 




1. Fire Prot. Class 

<5l2c>iJAieY 

1. A/C (SF/Ton) 

1 


■Zoo 

J. A/C (SF/Ton) 

Zoo 


'Zoo 

—K. Mech./Elect. Costs (% of 0 ) 14-/ M 

10/s- 

—K. Mech./Elect. Costs <% of D) l£>/5/ M 

1 2.G/& 

—L. Power (Watts/SF) 

Zo 


•z-5 

—L. Power (Watts/SF) 

[O 


1 ^ 

M. Other 

—M Other -four 14 o/J At?A £l&i, ffe&M-pS.. 

t?AY£Ai?(2 Yearns s 

Low 

Ave. 

High 


Low 

Ave. 

High 

—A. Occupancy Type 

R.-» 


1-4 

A. Occupancy Type 


f ?-Z 


B. Efficiency Ratio 

B. Efficiency Ratio 




—C. Area (SF) 


<£>000 


—C. Area fSF) 


I2o06& 

—D. Costs ($/SF) 


\on 


—D. Costs ($/SF) 

°\ 


IS# 

—E. A/E Fees (% of D) 

—E. A/E Fees (% of D) 

4 - 


a 

F. FF&E Costs ($/SF) 


\s 


—F. FF&E Costs ($/SF) 




G. Parking 

G. Parking 

—H. Partition/Door 

—H. Partition/Door 



fP/pe 

1. Fire Prot. Class 

1. Fire Prot. Class 


U T 


J. A/C (SF/Ton) 

■Zoo 



1. A/C (SF/Ton) 

Aoo 


'000 

—K. Mech./Elect. Costs f% of D) 

—K. Mech./Elect. Costs (% of D) 14-/. M 

4/15- 

—L. Power (Watts/SF) 

\f> 


■Z5 

—L. Power (Watts/SF) 

1 0 


l*s> 

_M. Other 

—M. Other 
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Low 

Ave. 

High 

FupiEKAw Howe 

Low 

Ave. High 

—A. Occupancy Type 

P--2 


F- i 

A. Occupancy Type 



—B. Efficiency Ratio 

—B. Efficiency Ratio 

—C. Area (SF) 

ZZOOO 

54 Zoo 

lO“) 0:00 

—C. Area (SF) 

Zooo 

X'Z.ooo 'Zotpoo 

—D. Costs ($/SF) 

54.5o 


101 

—D. Costs ($/SF) 


1 IO )14 

E. A/E Fees (% of D) 

4- 

& 

1*2 

—E. A/E Fees (% of D) 

—F. FF&E Costs ($/SF) 

—F. FF&E Costs ($/SF) 

—G. Parking tee#, tcco^} 

0.15 

l-«5 

2-5 

G. Parking 

—H. Partition/Door 

—H. Partition/Door 

(4--I5 5F/m= 

1%?- \hO 

—1. Fire Prot. Class 



e/ruA 

—1. Fire Prot. Class 


U-iiSHT 

1. A/C (SF/Ton) 

l GO 


1*5*C> 

1. A/C (SF/Ton) 

-Zoo 

'Zoo 

—K. Mech./Elect. Costs (% of D) '4.5 /• M 


10.5 •/& 

—K. Mech./Elect. Costs (% of D) \Z&’/ M AE 

—L. Power (Watts/SF) 

25 



—L. Power (Watts/SF) 

7-0 

■Z.5 

_M. Other 

M. Other 


Low 

Ave. 

High 

LOW 

Ave. High 

—A. Occupancy Type 0 

—A. Occupancy Type 


S-2- 

—B. Efficiency Ratio 

B. Efficiency Ratio 



—C. Area (SF) 

^ *70C> 

Q>^00 


—C. Area (SF) 

IZl ooo 

I7i£>ooo ZZoOoo 

—D. Costs ($/SF) 

12^-50 

1$ 1 .*?<> 

171 

—D. Costs (S/SF) 

29 

45 57 

—E. A/E Fees (% of D) 

—E. A/E Fees (% of D) 

—F. FF&E Costs ($/SF) 


i* 


—F. FF&E Costs ($/SF) 

G. Parking 

G. Parking 

—H. Partition/Door 

—H. Partition/Door 


<£>oosP/pe 

1. Fire Prot. Class 

—1. Fire Prot. Class 


1. A/C (SF/Ton) 

■Zoo 


ZOO 

-J. A/C (SF/Ton) 

—K. Mech./Elect. Costs 1% of D) 17 /■ M 


9/12 

—K. Mech./Elect. Costs (% of D) 4 / H 

‘z/e- 

—L. Power (Watts/SF) 

[o 


i5 

—L. Power (Watts/SF) 

5 

5 

_M. Other 

—M. Other 
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Low 

Ave. 

High 


Low 

Ave. 

High 

—A. Occupancy Type 


S-l 


—A. Occupancy Type 


1-7 


—B. Efficiency Ratio 




—B. Efficiency Ratio 


55 


—C. Area (SF1 


CSOOO 

<2.2 000 

—C. Area (SF) 

0,^000 

\2&c?oo 

<5o5£»o 

—0. Costs ($/SF) 

55 

7o> 

72>.5o 

—D. Costs ($/SF) 


24* 


E. A/E Fees (% of D) 

5 

5-5 

& 

E. A/E Fees (% of D) 

4 - 



—F. FF&E Costs ($/SF) 

—F. FF&E Costs ($/SF) 

4-c? 


(o(t> 

—G. Parking 

—G. Parking (ffa? 9eo >) 

fi>.75 

t.& 

■*> 

—H. Partition/Door *??/[+? 

Zoo Sp/PTZ. 

—H. Partition/Door 

—J. Fire Prot. Class 




—1. Fire Prot. Class 


U5HT 


—1. A/C (SF/Ton) 

1. A/C (SF/Ton) 

I5<? 


Z5o> 

—K. Mech./Elect. Costs f% of 01 I4-.5Z m 

PC/fS 

—K. Mech./Elect. Costs (% of D) 24 ./ m 


VZV.& 

—L. Power (Watts/SF) 

to 


I'b 

—L. Power (Watts/SF) 

2.5 



—M. Other 

—M. Other 


Low 

Ave. 

High 


Low 

Ave. 

High 

—A. Occupancy Type 


A-? 


—A. Occupancy Type 


R-\ 


—B. Efficiency Ratio 


70 


8 . Efficiency Ratio 

—C. Area (SF1 


7 \ooo 

\?>Cr5oD 

—C- Area (SF) 

£"7<5>oo 

\Cod>000 

■ZZ7. c ?oo 

—D. Costs ($/SF) 

\ \o 

14-Z 

I5& 

—D. Costs ($/SF) 

12 & 

152 

175 

—E. A/E Fees (% of D) 

o 

5-5 


E. A/E Fees (% of D) 

—F. FF&E Costs ($/SF) 

—F. FF&E Costs (J/SF) 


25 


G. Parking CpgK. \coo 5F) 


5 


G. Parking 

—H. Partition/Door 

—H. Partition/Door 

—1. Fire Prot. Class 

—1. Fire Prot. Class 

-1. A/C (SF/Ton) 

■Zoo 



-1. A/C (SF/Ton) 

■%0O 



—K. Mech./Elect. Costs (% of D) H 


—K. Mech./Elect. Costs (% of m '7. 5 '/■ H 

la? 2 e 

—L. Power (Watts/SF) 

\*> 



—L. Power (Watts/SF) 

'Zo 


■}<? 

—M. Other 

—M. Other 
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JAilA? / fR\ 

Low 

Ave. 

High 

M C\At*\C&/C&&. LOW 

Ave. 

High 

—A. Occupancy Type 


1-^ 


—A. Occupancy Type 


E> 


—B. Efficiency Ratio 




—B. Efficiency Ratio 

—C. Area (SF) 


<B>&rGoO 

l+R^e 

—C. Area fSF) 

C?OC> 


2.5.000 

—D. Costs ($/SF) 


■z\& 

*244- 

—D. Costs ($/SF) 

l Ob.bo 

\AC>b>° 


—E. A/E Fees (% of D) 

—E. A/E Fees (% of D) 


S 

q 

—F. FF&E Costs (t/SF) 

—F. FF&E Costs ($/SF) 

l *7 

IS 

5.0 

G. Parking 

—G. Parking Cpeiz. lcoo«F> 

\-b> 


5 

—H. Partition/Door 

—H. Partition/Door 

—1. Fire Prot. Class 


HWT 


—1. Fire Prot. Class 


U6HT 


J. A/C (SF/Ton) 



•boo 

—1. A/C (SF/Ton) 

'2&o 



—K. Mech./Elect. Costs (% of D) Ife/.M 


\\& /. & 

—K. Mech./Elect. Costs {% of D) IT M 


—L. Power (Watts/SF) 

\<7 



L. Power (Watts/SF) 

\<b 



—M. Other 

—M. Other bez- fA/f 14- on Aoa Cue/. m'TS 


Low 

Ave. 

High 


Low 

Ave. 

High 

—A. Occupancy Type 


A-^ 


—A. Occupancy Type 


¥T-\ 


—B. Efficiency Ratio 

B. Efficiency Ratio 




—C. Area (SF) 

\i>boO 

ZAboo 

7 

—C. Area fSF) 

<bbb<x> 

t>&<bc>0 

1 Z&ooo 

—D. Costs ($/SF) 

1 b-bo 

i4l 

r*T 

—D. Costs ($/SF) 

~\b 



—E. A/E Fees (% of D) 

—E. A/E Fees (% of D) 

b 

4- 

Cz> 

—F. FF&E Costs ($/SF) 

-2.4 

T2- 

1 -2.0 

—F. FF&E Costs (S/SF) 




—G. Parking 

G. Parking tf&Z. P. u-") 

0.4 

C>.t> 

1 .6- 

—H. Partition/Door 

—H. Partition/Door I-S/sf/cf 

-Jo 

feo ■Fp/F’IA 

—i. Fire Prot. Class 

M6tt-r 



—1. Fire Prot. Class 


L-l^HT 


—J. A/C (SF/Ton) 



boo 

1. A/C (SF/Ton) 

Aoo 


^OO 

—K. Mech./Elect. Costs (% of D) 16/. M 


11 / 

—K. Mech./Elect. Costs (% of D) /• A 

«£; 

—L. Power (Watts/SF) 




—L. Power (Watts/SF) 

• e> 


7o 

—M. Other -A at .Stack ^ 

—M. Other 


Appendix A: Building-Type Data 629 

































Low 

Ave. 

High 

Ciev> ThM Low 

Ave. 

High 

A. Occupancy Type 




A. Occupancy Type 


& 


B. Efficiency Ratio 

B. Efficiency Ratio 


75 


—C. Area (SF) 

■27 (sOO 

hpWho 

0 

—C. Area (SF) 

’Zhao 

l~rooo 

•Z&ooo 

—D. Costs ($/SF) 

|75 

[loho 

to [ho 

—D. Costs ($/SF) 

21 

n5 

\ho 

E. A/E Fees (% of D) 

—E. A/E Fees (% of D)* 



1 o 

F. FF&E Costs ($/SF) 

F. FF&E Costs ($/SF) 

12 

■ Z.4- 


.G. Parking 

—G. Parking [ooo'if') 

\ t &6> 

■ZCo 


—H. Partition/Door 

—H. Partition/Door ~Zo -JF/l-f 

"Zoo - 

5P/c?/^ 

1. Fire Prot. Class 




1. Fire Prot. Class 


U 6HT 


J. A/C (SF/Ton) 



hoo 

1. A/C (SF/Ton) 

2 ho 


"h<x> 

—K. Mech./Elect. Costs (% of D) 14/ M 

\-zze. 

—K. Mech./Elect. Costs (% of D) hZ M 


l.h/.e. 

L. Power (Watts/SF) 



-Z-h 

L. Power (Watts/SF) 



•2.0 

—M. Other 

M. Other ‘IrJtWJPe^ T.l, ^£6 R 4-/ 


Low 

Ave. 

High 

o& C ho ooo J r') L 0VV 

Ave. 

High 

A. Occupancy Type 


I-Z. 


A. Occupancy Type 


& 


B. Efficiency Ratio 

B. Efficiency Ratio 


7*> 


—C. Area (SF) 

'Z4-*?oc> 

hZooo 

2 /2. *?oo 

—C. Area (SF) 

77 *700 &7 

4-Zgceo 

—D. Costs ($/SF) 


14- <Z.ho 

\t>& 

—D. Costs ($/SF)» 

94 .ho 

I4>8 

Ifeg 

—E. A/E Fees (% of D) 

5 



E. A/E Fees (% of D) 

-? 

£..5 


—F. FF&E Costs ($/SF) 

—F. FF&E Costs ($/SF) 

) & 

4-z 

£>& 

G. Parking /fferz CZ(J) 

O.Z<7 


0 .hh 

G. Parking Cftenz. i ooohv-') 




—H. Partition/Door 

(Sh F/uP 


4/0 7F/7IZ. 

—H. Partition/Door 

‘2.0 ^P/uf 

2 oo 

-ZCO f^F/tTK 

1. Fire Prot. Class 


U^rf-T 


1. Fire Prot. Class 


LJ£ffT 


J. A/C (SF/Ton) 

“Z-OC^ 


■zho 

1. A/C (SF/Ton) 

'Z-Zo 


"Zoo 

—K. Mech./Elect. Costs (% of D) 'ZZZH 

W’A £ 

—K. Mech./Elect. Costs (% of D) 1"? / H 


Axe 

—L. Power (Watts/SF) 

1*7 


1 h 

L. Power (Watts/SF) 

\<*? 


VO 

_M. Other 

_M. Other *I4CUIP&-? Tl., Tee r4‘T 
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«rA-noKi 

Low 

Ave. 

High 

K&U&O'lft' gCWcHOrJ 

Low 

Ave. 

High 

A. Occupancy Type 


ft 


A. Occupancy Type 


A-5 


—B. Efficiency Ratio 

B. Efficiency Ratio 

—C. Area (SF) 

ftooo 

I o*?oo 

Weoo 

—C. Area (SF) 

(olOO 


Wood 

—D. Costs ($/SF) 

vi<? 

[•p-1 

1 'tt’S’O 

—D. Costs ($/SF) 

\oi.fto 

\fto 

1 

—E. A/E Fees (% of D) 

E. A/E Fees (% of D) 

—F. FF&E Costs ($/SF) 

—F. FF&E Costs ($/SF) 

G. Parking 

G. Parking 

—H. Partition/Door 

—Ft. Partition/Door 

—1. Fire Prot. Class 


M^HT* 


1. Fire Prot. Class 


HcFrf-r 


J. A/C (SF/Ton) 

tto 



J. A/C (SF/Ton) 

\ft& 


loo 

—K. Mech./Elect. Costs f% of D1 n.ftV-H 

iz/e 

—K. Mech./Elect. Costs (% of D) \ft /- M 



—L. Power (Watts/SF) 

"ft 


■2,0 

—L. Power (Watts/SF) 

\ft 



_M. Other 

M. Other 

1 

Low 

Ave. 

High 

UA^oKATOpy Low 

Ave. 

High 

A. Occupancy Type 


ft 


—A. Occupancy Type 


ft 


B. Efficiency Ratio 

B. Efficiency Ratio 


&> o 


—C. Area (SF) 

looo 

12 ftoo 

toooo 

—C. Area (SF) 

ft^-ooo 

i2>4 fteo 

Si &ooo 

—D. Costs ($/SF) 




—D. Costs ($/SF) 

\ft1.fto 

aft 

11o 

—E. A/E Fees (% of D) 

E. A/E Fees (% of D) 

—F. FF&E Costs ($/SF) 

—F. FF&E Costs ($/SF) 

G. Parking 

G. Parking 

—FI. Partition/Door 

—H. Partition/Door 

1. Fire Prot. Class 


U^fTT 


1. Fire Prot. Class 




—1. A/C (SF/Ton) 

'loo 


2 lg> 

1. A/C (SF/Ton) 

\<PO 


Ifto 

—K. Mech./Elect. Costs f% of D) 14- '/■ M 


ft/. e 

—K. Mech./Elect. Costs (% of D) l-S.ft/- M \lYft 

—L. Power (Watts/SF) 

1 ?? 



—L. Power (Watts/SF) 

1ft 


■Yft 

_M. Other 

_M. Other 
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F/M. Low 

Ave. 

High 

pteTAit- 

Low 

Ave. 

High 

—A. Occupancy Type 


K-3 


—A. Occupancy Type 


M 


—B. Efficiency Ratio 

—B. Efficiency Ratio 


CbO 


—C. Area CSF1 

1 boo 

-2300 

' 3 ? fi> \0Q 

—C. Area (SF) 

'ZG t ?0O 

455oo 


—D. Costs ($/SF) * 

■3 1 

1 I4-.51? 

154 
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APPENDIX 13: LOCATION DATA 


Entries A through V in the tables on pp. 640-653 provide useful archi¬ 
tecturally related data, as described below, for various U.S. cities and 
nearby areas. 


A. Latitude is given in degrees and minutes. 



B. Elevation is in feet above sea level. See p. 180. 



C. Frost line is inches below top of ground to frost line. 
See p. 255 and p. 283. 



D. Ground temperature is the constant year-round 
temperature (in degrees F) at about 20 to 30 feet 
below the surface. See p. 182. 



E. Seismic is UBC earthquake zones. See p. 155. 



F. Termite lists zones of degree of infestation (with 1 
being worst). See p. 256. 



G. Soils are the predominant soils for the location. See 
p. 245. No data available at this publication. 

H. Plant zone is for plant hardiness. See p. 268. 

I. Rain, average in inches per year. 

J. Rain, intensity is hourly intensity in inches/hour for 
5-minute periods to be expected once in 10 years. 
Some storms have twice as much in some zones. See 
pp. 239 and 519. 

K. Percent sun is yearly average of clear days. See 
p. 172. 

L. Pleating degree days (HDD), base 65°F. See 
p. 172. 

M. Cooling degree days (CDD ), base 65°F. See 
p. 172. 

N. Percent idity (% RPl) AM is yearly average in 
mornings. See p. 172. 

O. Percent humidity (% RH) PM is yearly average in 
afternoon/evenings. See p. 172. 
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(46) 

(46) 
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P. Winter temperature is design winter dry-bulb tem¬ 
perature (99%) as recommended by ASHRAE. 
See p. 172. 

Q. Summer temperature is design summer dry-bulb 
temperature (1%) as recommended by ASHRAE. 
See p. 172. 

R. Wind speed (mph), average is yearly average. See p. 
172. 

S. Wind, intensity is design wind speed per 97 UBC. 
See p. 154. 

T. Snow is the ground snow load in LB/SF per 97 
UBC. See p. 149 where not given, establish from 
local authority. 

U. Insulation is the recommended zone for mini¬ 
mum R value. See p. 368. 

V. Costs are the city cost indexes to adjust cost 
given in this book. See p. 45. 

Other: (1) Possible radon-producing area. See p. 255. 



*Data courtesy of BNI Building News. See latest BNI for current data. 
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MAGNETIC VARIATION 


The magnetic compass points to magnetic north rather than true north, in most localities magnetic 
north does not coincide with true north but is toward the east ("easterly variation - ) or toward the 
west ("westerly variation") from it 

The heavy broken lines on this map connect points of equal magnetic variation, and present a 
generalized picture of magnetic variation in the United States. Due to "local attraction" it may be 
quite different in your locality. For more exact information consult your local surveyor. 


Q Libbey-Qwens-Ford Company Copyright 1974 
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parking, 227 
ramps, 107 
residential, 86 
route, 144 
seating, 463 
signs, 440 
telephones, 615 
toilets, 512-514 
wheelchair, reaches, 472 
Accounting, 4 
Acoustical tile, 418 
Acoustics, 211 
Active, 193 

ADA (see Accessibility) 
Adobe, 297 
Aggregate, 273 


Air entrainment, 273 
Air film, 370 
Aisle, 98 
Alarm, 524 
Algebra, 59 
Alloy, 315 

Aluminum, 315,393,401 

Amplification, 214 

Amps, 609 

Angle, 60 

ANSI, 143 

Arch, 167,308 

Architectural concrete, 278 

Architectural services/fees, 3 

Area, 67 

Art, 461 

Ashlar, 304,310 

Asphalt (see AC) 

Assemblies, 475 

Attic, 363 

Attic ventilation, 363 


B 

Backfill, 238 

Bar joist (see Open-web joist) 
Baseboard heating, 546,554 
Base coat (see Paint) 
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Basement, 90,281 
Base ply (see Roofing) 

Base sheet (see Roofing) 

Bath accessories, 450 
Bathrooms, 511-514 
Batt,368 

Battery (see Photovoltaic) 
Bay window, 344 
Beams, 147,162,169,274,289, 
333,347,354 
Bedroom, 464 
Bending, 161 
Bills, 3 
Blinds, 461 
Block (see CMU) 

Board foot, 342 
Boiler, 543,547 
Bolts, 327 
Bond, 276,297 
Box fixture, 593 
Brass, 315 
Brick, 297,299 
Bronze, 315 

Brown coat (see Plaster) 
Buckling, 161 
Budgeting, 49 
Building codes (see IBC) 
Building types, 621 
Built-up (see Roofing) 

Bush hammer, 278 
Business, rules of thumb for, 3 


c 

Cabinets, 455 
Caisson, 282,285,286 
Can fixture, 593 
Candles, 563 
Cap sheet (see Roofing) 
Carpentry (see Wood) 
Carpet, 421 

Casement (see Windows) 
Cash flow, 3 


Cast-in-place (.see Concrete) 
Cast iron (see Iron) 

Caulking (see Joints) 

Cavity walls (see 
Assemblies) 

CDD (cooling degree days), 
172,367,637 
Ceiling joists, 353,358 
Ceiling systems, 493 
Central heating, 547 
Ceramic tile, 417 
Cesspool (see Septic) 

Chairs, 463 
Chiller, 543,551 
Chrome, 315 
Circles, 60,69 
Circuits, 609,613 
Circular arch, 308 
Clay, 245 
Clearstory, 570 
Closed loop (see Solar) 
CMU, 297,300,307 
Coal tar pitch, 374 
Coatings, 424 
Code (see IBC) 

Code, energy, 194 
Cold cathode, 591 
Color, 428 

Columns, 163,169,277,290, 
307,331,333,355 
Compartmenting, 93 
Compensation, 3 
Composite construction, 320, 
345 

Compounding, 43,60 
Compression, 161 
Compressor, 550 
Concrete, 271 
Concrete block (see CMU) 
Condensate, 408 
Condenser, 545 
Conduit (conductor), 609 
Conference room, 465 
Connections, 167 
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Construction administration, 57 
Construction type, 93 
Contracts, 4 
Contrast, 563 
Control joints (see Joints) 
Conveying systems, 497 
Cooling tower, 543,551 
Copper, 315 
Corrosion, 315 
Costs, 43 
Counter flashing 
(see Flashing) 

Coursing, 301,303 
Crawl space, 281,363 
Cricket, 375 
Cross grain, 340 
CSI, 21 
Curbs, 265 
Current, 609 
Curtain wall, 491 
Cut, 238 
Cylinder, 68 


D 

Dampproofing, 364 
Daylighting, 569 
Deciduous, 268 
Decimal, 59 
Deck, 356 
Demolition, 49 
Densities, 75 
Dew point, 365 
Diaphragms, 157 
Diffuser, 555 
Dimensions, human, 467 
Dining room, 465 
Dishwasher, 455 
Doors, 389 

Dormer (see Roofing) 
Drainage, 233 
Drapery, 461 
Drives, 227,233 


Dryer, 456 
Drywall, 416 
Ducts, 552 


E 

Earth sheltering, 182 
Earthwork, 238 
Efficiency ratios, 621 
EIFS, 372 
Electrical, 609 
Elevation, 637 
Elevators, 499 
Ellipse reflector, 593 
Elliptical arch, 308 
Emissivity, 367 
End grain, 347 
Energy, 171 
Energy code, 194 
Energy or work, 78 
Equipment, 453 
Escalators, 505 
Estimating, 44 
Evaporative coolers, 547 
Evaporator, 550 
Evergreen, 268 
Excavating, 238 
Exit, 98 

Expansion, 382 
Exponents, 59 


F 


Fabrics, 461 
Fan coil, 554 
Fees, 3,621 
Felt, 378 
Fencing, 265 
Ferrous, 315 
FF&E, 621 
Fill, 238 

Fine aggregate, 273 
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Finished grade, 233-234 
Finishes, 413 
Fire barriers, 97 
Fire doors, 390 
Fire extinguishers, 524 
Fire hydrants, 261 
Fire partitions, 96 
Fireplace, 438 
Fireproofing, 445 
Fire walls, 96 
Fixtures, 515 
Flame spread, 446 
Flashing, 381 

Floor, flooring, 417,418,419, 
420,421,494 
Fluorescent, 589 
Foil back, 366,367,369 
Footcandles, 563-566 
Footings (see Foundations) 
Foundations, 281-283, 
285-287 
Frame, 353-358 
Frost line, 255,637 
Furnace, 548 
Furniture, 462-466 


G 

Gable roof, 344 
Galvanized, 315 
Gambrel roof, 344 
Gas, 261,525 
Gaseous discharge, 589 
Gauge, 317-318 
Geometry, 60,67 
GFCI,613 
Glare, 564 
Glass, 407 
Gloss, 424 
Glu-lam, 345,355 
Grade, 233 
Grading, 233 
Gravel, 233,273 


Green construction, 205 
Grilles, 555 
Grounding, 613 
Ground temperature, 182, 
637 

Grout, 297 
Gutter, 265,520 
Gypsum wallboard, 416 


H 

Flardware, 403 
Flardwood, 350 
FIC (see Accessibility) 

HDD (heating degree day), 
172,367,637 
Heat pumps, 548 
Heavy timber, 354 
HID, 590 

High-pressure sodium, 591 
Hip roof, 344 
Hollow metal doors, 391 
Horizontal exit, 101 
Hot water heating, 517 
Human dimensions, 467 
HVAC, 543 

Hyperbolic reflector, 593 


I 

IBC, 89 

Improvements, site, 265 
Incandescent lamps, 589 
Induction, 553 
Infiltration, 385 
Information index, 40-41 
Insulation, 368,638 
Interiors, 459 
Intrinsic reflector, 593 
IRC, 83 
Iron, 315 
Irrigation, 269 
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J 

Jambs, 391 
Joints, 382 
Joists, 353,354,358 

K 

Kitchen, 455 


L 

Laminated, 345 

Lamps, 589 

Land planning, 227 

Landscaping, 267 

Lateral, 154 

Lath, 415 

Latitude, 637 

Laundry, 456 

Lead, 315 

Leaders, 521 

Lengths, 71 

Liability, 5 

Life cycle costing, 54 

Lighting, 565, 585,597-615 

Lightning, 613 

Living room, 463 

Loads, 149 

Lot, 81 

Low-pressure sodium, 591 
Lumber, 339 
Lumens, 563 

M 

Main disconnect, 610 
Mansard roof, 344 
Masonry, 295 
Math, 59 
Mattress, 464 
Mechanical, 543 


Mercury vapor, 590 
Metal framing, 324 
Metal halide, 590 
Metals, 313 

Metric conversion, 71-78 
Microwave, 455 
Moisture, 361 
Monel, 315 
Mortar, 298 

N 

Nails, 325-326 
Negotiating, 4 
Neon, 591 
Nickel, 315 

o 

Occupancy, 89 
Office, 466 
Ohm, 609 

Open loop (see Solar) 

Open space proportions, 230 
Open-web joist, 332 
Operable partitions, 450 
Organic soils, 246 
OSB, 345 
Oven, 455 


P 

P trap, 518 
Package system, 543 
Paint, 424 

Panel, electrical, 610 
Panic hardware, 403 
Parabolic arch, 308 
Parabolic reflector, 593 
Parallelogram, 67 
Parking, 227 
Parquet, 419 
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Particle board, 345 
Partition, 621 
Party wall, 220 
Passive solar, 180 
Patios, 265 
Pavement, 234,265 
Penny (d), 325 
Percentage, 59 
Percolation, 252 
Performance index, 411 
Perm, 365 
Perspective, 63 
Photoelectric, 616 
Photovoltaic, 616 
Pier, 282,285 
Pilaster, 307 
Piles, 283,286 
Pitch, 373 
Plants, 267 
Plaster, 415 
Plumbing, 511 
Plywood, 345 
Pocket door, 401 
Pointed arch, 308,357 
Point source, 565 
Portland cement, 273 
Post, 355 
Posttension, 277 
Power, 609 
Powers, 59 
Precast concrete, 291 
Preservative, wood, 341 
Pressure, 76 
Prestressed, 277 
Prism, 68 
Programming, 37 
Proportions, 59 
Pyramid, 68 


Q 

Quarry tile, 417 
Quartz, 589 


R 

R value, 368 
Radiant barrier, 367 
Radiant flux, 447 
Radiant heating, 548 
Radius, 67,68,69 
Radon, 255 
Rafters, 353 
Railing, 99,104 
Rain, 519,637 
Ramps, 107 
Range, 455 
Ratios, 59 
Rebar, 274 
Reflect, 432,593 
Refrigerant, 545 
Refrigerator, 455 
Refuge, 105 
Reinforced concrete 
(see Concrete) 
Relative humidity, 171,637 
Residential code, 83 
Residential costs, 47 
Resilient flooring, 420 
Retaining walls, 236 
Rise, riser, 106 
Roads, 227 

Roof frame assembly, 477 

Roofing, 373 

ROW, 227 

Rubble, 310 

Rugs, 461 

Runoff, 239 


s 

Saddle, 375 
Safety glazing, 408 
Sand, 273 

Sanitary sewer, 259,518 

Sash, 395 

Scoop fixture, 593 
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Scratch coat, 415 
Screws, 327 
Segmental arch, 308 
Seismic, 155,637 
Septic, 518 
Service entrance, 610 
Services, 6-15 
Setbacks, 81 
Sewer, 259,518 
Shading coefficient, 407 
Shakes, 374 
Shear, 163,275 
Shear wall, 157 
SHGC (solar heat gain 
coefficient), 407 
Shed roof, 344 
Shingles, 374 
Shower, 511 
Shrink, 277,339,351 
Siamese fixture, 523 
Signs, 439 
Silt, 246 

Single ply roofing, 374,379 
Site, 225 
Skylights, 570 
Slab, 169,287-288 
Slab-on-grade, 287 
Sliding doors, 392 
Slope, 61,227,233 
Slump, 273 

Smoke detector, 84,614 
Smokeproof, 105 
Snow, 149,638 
Softwoods, 350 
Soils, 245 
Soils report, 253 
Solar, 637 
Sound, 211 
Spans, 147 

Span-to-depth ratio, 168 
Species, 350 
Specifications, 21 
Sphere, 68 

Spread footing, 281,285 


Sprinklers, 90,521 
Stainless steel, 315 
Stairs, 85,106 
Standpipes, 523 
STC, 217 
Steel, 315,331 
Stone, 304 

Storm drains, 259,520 
Streets, 227 
Structures, 147 
Stucco, 415 
Studs, 324,331,353 
Substructure, 273,285 
Sun, 189,451 
Superstructure, 273,287 
Sustainable design, 205 
Swale, 234 
Switch, 609 
Systems, 17 


T 

Task lighting, 564 
Tee beam, 289 
Telephone, 609 
Temperature, 70,637 
Tension, 161 
Termites, 256,637 
Terrazzo, 418 
Thermal, 361 
Thermal mass, 184, 368 
Thermostat, 193 
Tile, 417 

Timber connectors, 328 
Toilet partitions, 437 
Ton, refrigeration, 546,621 
Torsion, 161 
Transformers, 610 
Tread, 85,106 
Trees, 267 
Trench, 259 
Trigonometry, 60 
Truss, 164,334,356 
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u 

U value, 368 
Undercoat, 424 
Underlayment, 374-378 
Unified soils classification, 247 
Uplift, 154 
Urethane, 375,379 
Utilities, 259 


Y 

Value engineering, 54 
Vapor barrier, 365 
VAV, 552 
Veneer, 348 

Ventilation, 172,191,363 
Visual transmission, 411 
Volt, 609 
Volume, 73,243 


w 

Waffle slab, 288 
Waiting room, 463 


Walks, 234,265 
Walls, 489 
Washer, 456 
Water, 17,260,516 
Water-cement ratio, 273 
Water closet, 511 
Water heater, 517 
Waterproofing, 364 
Water softener, 517 
Watt, 609 

Weatherstripping, 404 
Weights, 74 
Welds, 323 
Wells, 517 
Wind, 154,638 
Windows, 395 
Wood, 337 
Work, 78 


z 

Zinc, 315 
Zonal cavity, 600 
Zone, AC systems, 552 
Zoning, 81 
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